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Ontario is a province of more than 7,500,000 
people with fourteen provincially-assisted univer- 
sities. Nine of these institutions ^ant degrees in 
engineering, while two of the others offer the 
first two years of engineering, and both have 
indicated a desire to add the remaining two years 
in order to be able to award engineering degrees. 
The remaining three institutions do not provide 
any instruction in engineering. Prior to the mid- 
1950s, there were only two engineering schools 
in the province, and the increase in the ininiber 
of schools has occurred over the past fifteen years 
at a pace that has precluded any system planning. 
As we move into the 1970s the need for lational- 
i/ation has l>ecome critical. 

At the request of the Committee of Presidents 
of Universities of Ontario (CPUO) , the Com- 



mittee of Ontario Deans of Engineering (CODE) 
developed a proposal to conduct a study of engi- 
neering education in Ontario. It was to cover 
both the undergraduate and graduate fields, and 
examine student flows, curricula, research, staff, 
facilities and costs with a perspective developed 
from an analysis of the career patterns of engi- 
neering graduates. The objective was to create a 
master plan which might be used as a guide for 
rational growth of engineering education during 
this decade. Such a plan should endeavour to 
provide for the highest attainable quality, the 
best use of resources, an opportunity for innova- 
tion, and maximum freedom of choice for 
students. A twelfth engineering school, the Royal 
Military College of Canada, although funded 
entirely by the federal government, was included 
in certain aspects of the study. 
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Work ( oiiiiiic'iK C(1 ill Odolicr of with 

the ;i|>|K)iiitniciit of fiill-tiiiic direc tor iiiider the 
c;iiid;in(e of a liaiviii (oniiiiittee reprcH*titing 
CIM^C) ;wid CODK. Next, a ^tiidy Rioiip was 
formed, 'fwo of tin* jL^roiip arc eiigincers, one 
from industry with ;m aerospace cnKiiiccriii<; 
hac k^oiiiid (the clirec tor) . and the otlier with 
an ac ademic and rescan h hac k^^roniid in c hem- 
ic al engineering — the former Dean of Kii^iiiecr- 
iiiR at Me \f aster rniversity. lletweeii them, they 
cover a hicucl spedinin of eiiKineeriiig and 
M iciitific dis( ipliiies. In orrier to contiiliiite a 
lialaiu iii^ viewpoint from another profession, the 
third memher cif the ^Tonp is a non-engineer, 
with a Imc kgiomid cif university adiiiinistiation: 
the former president of the rniversity of New 
Urniiswic k. 

In eoiisnltation with the enginc'ciiiig s< hoots, 
a (piestiotniaire was developed, (ailing for the 
gcnenitioii cif data from e:ic h university. In addi- 
tion. a brief was rec eived from the Assch iation of 
Professional r'lngiiieers of Ontario. I'liesc submis- 
sions formed the basis n|x>r whic h i lany of the 
rccoininendations have been developed. I'hc 
study group travelled extensively — 1 ‘f2 organiza- 
tions were visited in Canada, the Ihiitcd States 
and Fniro|)C. and informal hearings were held at 
each Ontario university, when mcnibers of the 
study group spoke with students, fac ulty and staff. 
More than three hundred students were involved 
in these disc ussions, and a separate student ques- 
tionnaire provided a variety of viewpoints from 
several hundred more. 



The study grcuip is indehteci to timsc wtio 
contributed so nine h time and elloi t to this study 
t hey arc tex) ininicrons to mention individually, 
hilt many of them will rccogni/c passages in this 
re|Kirt. We would .ask them to treat this discovery 
as conveying a message of thanks. Nevertheless, 
the study group .accepts full rcs{>onsihility for the 
way in whic Ii the iiiform.ition is presented and 
lor the specific’ reHcimmendations. We wish to 
ac kiiowleclge the coiiti ihntioii cif the stall at 
CI’l ^O. wild gave c CiOiitless hours to the compila- 
tion and piocessiiig ol data, and convey (uii spe* 
c iai thanks to the Coniniittee ol Presidents ol 
rniseisities ci| Ontaiici lor piihlishiiig the tin 'c 
anxili.iry cIch aimeiits containing oiii sonic e mate- 
rial. .Also, we wish to ac kmiwleclge our gratitude 
to the study group secretary. Mrs. )oaii Barue.s. 
who put ill long and hard hours ol work in the 
prep.iiation of the m.aniisc ript. Onr thanks arc* 
also due to Mrs. Ifarhara Hionghaiii. who cditc*d 
the re|K)rt and ci\eis.iw its piodiic tmn. and to 
Miss \\‘ilda Steet. wlui did the art work. 

The director would like to convey his deep 
appreciation for the warm spirit and friendly 
Mp|Kut that has developed within the study 
group. In spite of diverse hackgrouiids and 
personalities, its nicml)crs reaeheci accord cm 
every major issue — there is no iniiicirity rejiorf. 
The sensitivity, sincerity and enthusiasm ol Dr. 
Ilocigiiis and the iKMceptioii and Maritime wit 
of Dr. Maekay maclc it a pleasure for the direc tor 
to work with these two gentlemen. 
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1 

GRANDSONS OF MARTHA 



"It IS their care, in all the ages, to take 
the buffet and cushion the shock. 

It is their care that the gear engages — 

it is their care that the switches lock ” 

—Itudyard Kipling, 

"T he Sons of Martha" 

This is to be a report about our most precious 
resource; young people. In particular, it is a 
report about young p^plc just entering a crucial 
phase in their lives, as they complete secondary 
school, make firm career decisions, and set their 
courses for professional education. In the devel- 
opment of this study, we talked svith many such 
young people; we have argued, laughed, agonized 
and agreea with them, sve have listened to them 
and learned from them. We have discovered that 
the engineering student in Ontario is committed. 



cooperative and constructive. He does not want 
to burn down the classroom, but is eager to assist 
in ipiproving svhat goes on inside it. He is devel- 
oping a aocial consciousness far more rapidly 
than most of hi» teachers, and believes Ih-it engi- 
neering education should mirror this awakening. 

For the chronology of this report, it seemed 
appropriate to begin with the day of graduation 
from secondary school — in June of 1970. What a 
vastly more p^tplcxing day this was than the 
corresponding day in 1950. Now, almost all of the 
environment is in the throes of rapid change — 
society, technology and education itself; a work- 
able set of va'ue judgments is not easy to devise 
in the 1970s. To us it seems important, at the 
outset, to try to sketch some of the background 
against which these value judgments are made, 
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aivd against which expectations and aspirations 
are developed. First, we need a student for whom 
we can provide a fairly clear personality and 
aptitude description; we shall call him/her Jean 
(French- or Anglo-Canadian) . 

jean is 18 years old and conies from an average 
Ontario family. He likes to work with h:s hands, 
and though not intensely materialistic, has a 
pragmatic outlook on life. Possessed of a natural 
aptitude for mathematics and science, he gradu- 
ated from high school with averages of over 70% 
in those subjects. He Tounu little difficutly in 
deciding between science-engineei iug and arts- 
socia! sciences. There was the aptitude in mathe- 
matics and sciences — everyone had underscored 
that is a necessary attribute. Then, there was the 
lack of any real interest in high sc!iool English 
courses, and a lack of ability in foreign language 
studies. 

f 

The decision between science and technology 
was more diflicult. In high school he knew more 
about science, oecause few teachers were* engi- 
neers and • there was little technology in the 
curriculum, and many of those in guidance 
tended to describe engineering as it existed in the 
1940s. To remedy this situation, the Committee 
of Ontario Deans of Engineering has commis- 
sioned the preparation of a series of audio-visual 
presentations for the use of Ontario high schoo*s 
in 1971 — too late for Jean. But our student's 
desire to see his ideas translated into something 
tangible and prr«cticable is a strong one, and so 
the motivation to apply science to a practical end 
finally swung his decision in the direction of 
engineering. 

One need not belabour the social implications 
ot engineering in the final third of the twentieth 
century. It is awesome to contemplate its poten- 
tial for good and evil whicli has, within a single 
generation, revolutionized transportation and 
communication while creating the threat of 
instant oblivion, Ontario society in the 1970s 
is showing all the stresses produced by too 
rapid economic expansion and too little socio- 
economic planning — too much emulation and 
too 1-ltle innovation. After a brilliant perfor- 
mance throughout the years of war, Ontario's 
tecliuology is now strangely unadventurous, as 
risk capital outweighs risk thinking, and industry 
takes most of its cues from beyond our borders. 
Anyone adept at extrapolation surely would 
be confounded by the present entrepreneurial 
torpor. 

This state of affairs affects the match between 
Jean's aspirati'^ns and the realities of his engineer- 



ing career. The youth of today is both ideaii tic 
and sophisticated and finds it diflicult to iinder- 
.stand why such an affluent province fails to use 
its engineering resources in a more iinaginaMve 
way. Jean has a real sensitivity towards the social 
implications of engineering and expects his 
edu cation to relate technolog-y to life style, pro- 
fessionalism to huinanisr.i. He wonders why 
Canadians responded so magnificently tr the 
emergencies of war, but so sluggishly to the clial- 
lenges of peace; he is determined to improve the 

SI Illation. 

Jean finds the prospect of engineering exciting 
and challenging, but btwiMering in the enor- 
mous variety of careers available to the engineer- 
ing graduate. For one thing, there is an increasing 
body of opinion that engineering represents a 
splendid background for a ciberal education, 
since an understanding of technology is an under- 
standing of one of the riost important social 
forces of this generation. Thus, many students 
who do not intend to practise engineering elect 
it as a fundamental education for careers in 
teaching, medicine, law and business. 

For those who intend tc practise the profession, 
two types of careers are admirably served by an 
engineering education: 

(1) The first is, of course, a full career in “hard 
engineering'", which concentrates on the 
translation of the principles of science into 
the satisfaction of the needs of man by 
devices, structures, vehicles or processes. 

(2) There is a rapid increase in the number of 
engineers who take positions in management 
at all levels. Indeed, .statistics demonstrate 
quite clearly that the majority of engineers 
follow this path out of their early techno- 
logical employment. 

Of course, the vagaries of opportunity, of social 
influences, and of general temperamental devel- 
opment will shape Jean's decisions and the 
pattern of his career. Nevertheless, it may be 
worthwhile to summarize the activities in which 
engineers do engage, so that he may cross-check 
this list with the most probable so^irce of employ- 
ment in each (Table 1-1) . 

Such a list may be incomplete, but it under- 
scores the varied opportunities provided by an 
engineering education — a fact chronically und 
emphasized in guidance advice, which too oftc/i 
appears to be woefully ineffectual and outdated. 
As Jean proceeds in his course, he will begin to 
identify his talents, and to match them up with 
opportunities for exploiting them. 
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What is the state of engineering in Ontario as 
we move into the 1970s? There is a hesitation in 
the growth of engineering enterprise, resulting 
from the present North American economic 
slump, together with the accompanying wide- 
spread inflation and high cost of risk capital. 
Many Ontario executives, already chronically 



Table 1-1 



Engineering Activity 



Type of Engineering Aciiviiy 



Industry 

X 



1. Design 

2. Systems Analysis and 

Synthesis X 

3. Physical analysis X 

4. Project 

Management: X 

(A) Technical 
control 

(B) Cost Control 

(C) TimeContro( • 

5. Business 
Management 
(technical 

endeavour) X 

6. Industrial 

Management: X 

(A) Productivity 

(B) Marketing 

(C) Labour 

(D) Resources 
men, money, 
materials) 

7. Information 

Management: X 

(A) Data storage, 
retrieval 

(B) Pattern 
recognition 

8. Maintena^ice 

engineering X 

9. Reliability 

engineering X 

10. Value engineering X 

11. Test Engineering X 

12. Quality control X 

(quality assurance) 

13. Operations research X 

14. Production 

engineering X 

15. Specification 

engineering X 

(components, 
materials, systems) 



Govern- 

ment 



X 

X 



X 

X 

X 

X 



Self- 

employed 
(including 
Univer- consul- 
sity tants) 



X 

X 

X 



X 

X 

X 

X 



X 

X 
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16. Research 

engineering X 

17. Research 

management X 

18. Projector process 

engineering X 

19. Teaching X 

20. Administration X 

(expediting, 
contracts) 

21. Technical sales X 



22. Technical Marketing X 



X 

X 






X 

X 



X X 

X X 

X 

X 

X 
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conservative, have icireated to custodial roles, 
beset as they are by sharply rising labour costs; 
as a result, innovation is in the doldrums at a 
time lidien it is most urgently needed. And yet, in 
the spring of 1970, there was a brisk market for 
engineering graduates at salary levels slightly 
better than in 1969. 

Ontario is in the midst of a move towards 
industrial sophistication, and so it is reasonable 
to expect that the market for engineering gradu- 
ates certainly will be sustained and probably will 
improve during the years of the present decade. 
Not only is the outlook attractive quantitatively, 
but there has been a sharp improvement in the 
quality of professional careers which will, it 
anything, intensify when innovative activity 
again picks up its pace. 

The rate of developmen for science-based 
industry poses one of the most difficult questions 
relating to this study. Most engineering deans 
were far too optimistic in their views as to the 
speed at which sophisticated engineering activity 
would emerge in the sixties, and this optimism 
has been reflected in the nature of the engineer- 
ing programs in our universities. The accuracy of 
these predictions for the next ten years will have 
a strong bearing on the success of this report, the 
main purpose of which is to recommend an edu- 
cational loute by which our young people can 
develop into r.itizens who will be at ease with 
':heir environment, and equipped to contribute 
to the quality of life during the balance of this 
century. 

With the population density now reaching a 
point where people are posing a significant threat 
to the environment, it is clear that over the next 
decade, an increasing number of engineers must 
find careers in the broad area of ecological stabili- 
zation and reclamation. Increasingly, they will be 
drawn into problems working with biologists, 
sociologists, economists and politicians. They will 
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be confronted with socio-economic decisions as 
to the balance between economic gain and social 
depreciation, between capital expenditure and 
the enhancement of life of the individual. Many 
engineers will have to learn to function as mem- 
bers of interdisciplinary teams, and will require 
a broader education in the life sciences and the 
social sciences in order that their technological 
decisions will have the desired social impact. 

As technology has become a major and fre- 
quently irreversible social force, the need has 
developed for a new kind of liberal education — 
one grounded in technology, rather than one 
based on the arts as in the more leisurely and 
contemplative days of Cardinal Newman. Sir 
Eric Ashby has sa id; 

In order to adapt itself to an age of techno- 
logical specialization, the university must use 
specialist studies as the vehicle for a libera! 
education. Indeed, what is needed is nothing 
less than a revision of the idea of -i liberal 
education. The Oxford Dictionary defines 
liberal education as education fit for a gentle- 
man. That is still ar acceptable definition; it 
is the idea of the gentleman which has 
changed. A century ago, when Britain awoke 
to the need for technological education, a 
gentleman belonged to what was called the 
leisured class. The occupations of his leisure 
did not require any knowledge of science or 
technology. Modern gentlemen do not belong 
to the leisured class. Many of them work some- 
thing like a seventy-hour week, and more and 
more of them are finding that their business 
requires expert knowledge. Even members of 
the House of Lords are called upon to make 
decisions about radio-active fall-out, over- 
heating during supersonic flight and the stron- 
tium content 6f human bones. Senior civil 
servants have to deal with highly technical 
policy. . . . Even such a gentlemanly subject as 
the state of the River Thames cannot be 
understood without some knowledge of oxida- 
tion and reduction, detergents and the bio- 
chemistry of sewage.l 

This statement, written in 1959, was prophetic 
of the current situation in Ontario. 

Unfortunately, faculties of humanities and 
social science have failed to include within a 
liberal education our most profound sociological 
force. To a question asked on every campus in 
this province, we uncovered only a single instance 
where a Dean of Arts had requested a course from 
the faculty of engineering! It seems clear that in 
this decade a new type of liberal education must 
develop, with engineering as its core, as suggested 
by Ashby; it will have its genesis in our engineer- 
ing schools. Equally important, this will provide 

’Eric Ashby, Technology and the Academics (New York: Macmillan 
Co. Ltd., 1959), p. 81. 
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a favourable environment in which to develop 
courses in technology, designed specifically for 
students in the humanities and social sciences. 

The history of technology is a brief one, and 
has evolved in three distinct phases. As man 
became less of a nomad and more part of a com- 
munity, his earliest demand was for materials — 
for clothing and housing to protect him from the 
elements, for tools to till the earth and to kill his 
quarry. Much later he developed .skill in the con- 
version of energy — to provide light, to heat his 
living-space, and to power his engines. Then very 
recently, in a mere two decades he has become 
much more sophisticated about the management 
of a third commodity: information. 

The management of information has been a 
triumph of engineering accomplishment since 
1950 — in the discrimination, collation, and cal- 
culation by computers, in the transmission of 
messages with great speed and over great dis- 
tances, and in the retrieval of relevant informa- 
tion from a burgeoning stockpile. Over th^ 
present decade we should see engineering schools 
specializing in the discipline of information 
systems engineering, newest and possibly the 
greatest accomplishment of technology, for it 
includes such elements as computer technology, 
communications, systems analysis and network 
synthesis. 

The foregoing paragraphs have been written 
in an attempt to try to underline the trends that 
must be taken into account if Jean is to receive 
a reasonable basis of education for a life that will 
extend into the second millennium. Wesay “basis’’ 
because the winds of change are whistling round 
his ears, and his education must be a lifelong 
process, with frequent mid<ourse corrections, as 
technology and social mores evolve. 

This study was initiated in response to a recog- 
nition that the development of engineering 
education must follow some charted course and 
not merely meander. Today, the atmosphere of 
technological and social change is so vigorous that 
powers of prospection have limited horizons and 
retrospection becomes steadily less useful. There- 
fore, the current study should be the forerunner 
of a continuing corrective mechanism, to be 
updated at frequent intervals — perhaps every 
five years. This brings into sharp focus the neces- 
sity of implementing changes as quickly as 
possible. Inertia and lag are characteristic of 
educational change, and the need now is for 
incisiveness, as the second derivative of change — 
the rate at which change occurs — is steadily 
increasing. 



The elements of a plan for engineering educa- 
tion are numerous and complex. They comprise 
what a systems engineer calls a highly interactive 
system, and must include the mutual influences 
of at least eight groups: 

(1) Students, 

(2) Teachers, 

(S) University, 

(4) Engineering profession, 

(5) Employees, 

(6) Community, 

(7) Economy, 

(8) Society at large. 

This list represents twenty-eight interfaces 
which make up the substance of this report. At 
this point, it would be futile to ask all the ques- 
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tions that had to be answered — they are better 
treated in the chapters that follow. In an attempt 
to provide answers, the study group employed a 
broad spectrum of resources, and met with 
hundreds of students, educators, employers and 
practising engineers. The number of data assem- 
bled is prodigious, and probably it is worth 
repeating that this report is principally about the 
student, in spite of a mountain of statistics 
tending to blur that fact: the quality of Jean’s 
education experience must be our primary con- 
cern. From the conversations we have had with 
engineering students, we are convinced that any 
contribution that can be made to improve 
their educational experience will be abundantly 
repaid, because their development as profession- 
als will have such an impact on the society about 
them. 



THE THRESHOLD 



The atmosphere of rapid change in the educa- 
tional patterns of Ontario has a particularly 
strong influence upon its engineering faculties, 
because engineering education depends so heav- 
ily on prerequisite knowledge. One of the 
difficulties that faced the study group was the 
development of admission criteria compatible 
with the credit system now evolving in the high 
schools. Other professions do not have this prob- 
lem to the same degree. Medicine and law are 
studied as post-baccalaureate programs, while 
dentistry and theology deal to a large extent with 
subjects encountered for the first time at the 
university level. Even undergraduate courses in 
humanities and social sciences should be less 
affected by the new curricular developments. 
This leaves science and engineering as the two 
most vulnerable divisions of university work. 
When one considers the extent of this vulnerabil- 
ity, and the direct influence of engineering gradu- 
ates on the environment and on the economy, 
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one cannot help but be dismayed by the negli- 
gible amount of communication that existed 
between the Ontario Department of Education 
and the Committee of Ontario Deans of Engi- 
neering. It is this lack of communication that 
is the source of our dilemma. 

The secondary schools of Ontario have begun 
to phase in a new educational pattern with more 
local responsibility for curricular content, and a 
system of credit assignment that will permit a 
broader choice of paths to the secondary school 
Honour Graduation Diploma. It is predicted that 
over the present decade the percentage of high 
school graduates entering university will rise 
from about 21% in 1970 to over 30% in 1980. 
At the same time> the proportion of high school 
students electing physics and chemistry has been 
dropping (Figure 9-3) , while registration in the 
life sciences has been increasing. In all likelihood 
this trend will continue for a number of years 
before levelling off. 
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Since 85% of the undergraduate engineering 
students come from the Ontario secondary school 
system, there will be only a very gradual increase 
in the number of potential engineering students 
if engineering schools continue to require physics 
and chemistry at the senior level as criteria of 
admission. The results of a study on the probable 
demand for engineers up to 1980 are presented 
in Chapter 9 (page 55) . It is clear from these 
figures that if the supply of engineers is to meet 
the demand over the next ten years, changes 
will have to be iqade in the requirements for 
admission. 

The new, less-structured secondary school cur- 
riculum should produce graduates who are more 
broadly educated, and who have achieved a 
clearer grasp of the kind of value judgments they 
will be called upon to make in the future. But 
the very nature of such improvements — the 
wider spectrum of choice presented — puts a 
special emphasis upon the skill and judgment of 
guidance counsellors; there is little evidence to 
suggest that they are equal to the task. Indeed, 
there appears to be a general feeling among 
secondary school graduates that guidance pro- 
grams have been ineffectual even in the simpler 
days of rigid academic programs. Therefore, 
there is room for considerable concern over the 
possibility that students may be improperly 
directed- in secondary school, and so reach gradu- 
ation with an assembly of credits inappropriate 
to current engineering admission standards. 

The faculties of engineering will face three 
choices: 

(I) Retain the present requirements of physics, 
chemistry and mathematics. This would 
result in a rate of rise in the number of 
graduating engineers which is less than the 
rise in demand. As the shortage of engineers 
becomes more severe, probably some correc- 
tion will occur to restore the balance, but 
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there could be a considerable lag before it 
takes place. 

(2) Adopt admission requirements in the direc- 
tion of fewer specified subjects, while 
maintaining an appropriate standard of 
performance. 7’his would make it possible 
for more students to enrol in engineering, 
but most certainly will result in higher fail- 
ure rates in the freshman year. Again, a 
correction should occur with developing 
experience. 

(3) Make vigorous representations to the Minis- 
ter of.Education, with a view to illustrating 
the impact of the new system on engineering 
education. 

The study group has come to the conclusion 
that the best course to follow is to develop rela- 
tively unstructured admission criteria. Mathema- 
tics at a senior level must continue to be specified, 
since it is the unifying discipline of all engineer- 
ing. Therefore, we recommend that: 

(2:1) beyond senior mathematics the secondary school 
Honour Graduation Diploma should be a sufficient 
requirement, set at a level of performance decided 
upon by the faculties of engineering, who must become 
increasingly dependent on their own evaluation of 
secondary schools in their districts, and upon the 
anecdotal reports of the principals. 

Such a recommendation raises the spectre of the 
universiiy being forced to provide elementary 
chemistry and physics, when already there is too 
little time available in the curriculum. This is not 
the intent, and it should soon become clear to 
engineering aspirants that without physics and 
chemistry their chances of /success are in jeopardy. 
But it will permit entry to able students who 
have received improper guidance, or who have 
changed their career plans. It is encouraging that 
high school principals and guidance counsellors 
have expressed to the study group an interest in 
receiving feedback on the performance of their 
graduates. 
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THE UNDERGRADUATE ENVIRONMENT 



**They push 1st year buggers like a herd 
of mooses” 

—Response from a Waterloo student. 

In Ontario there are eleven provincially- 
assisted faculties of engineering, and one, the 
Royal Military College of Canada, that is fully 
supported by the federal government. This latter 
institution has been included in some aspects of 
our study and a recommendation will be made 
with respect to it. However, the main focus of 
attention will be on the other eleven, which fall 
into three categories of size, based upon enrol- 
ment figures for 1969-70: 



University 


Undergraduate 

Enrolment 


Graduate 

Enrolment 


Total 

Enrolment 


Waterloo^ 


2,349 


456 


2,805 


Toronto 


2,199 


625 


2,824 


Queen's 


1,360 


168 


1,528 


Carleton 


538 


115 


653 


McMaster 


504 


184 


688 


Western 


442 


79 


521 


Windsor 


401 


87 


488 


Ottawa 


369 


156 


525 


Guelph*^ 


157 


23 


180 


Lakehead® 


158 


— 


158 


Lauren tian<> 


51 


— 


51 


TOTAL 


8,528 


1,893 


10,421 



(a) Operates on cooperative scheme. 

(b) Offers program in agricultural engineering only. 

(c) Offers first and second year only in degree program; engineering 
technology students also included. 

(d) Offers first and second year only in degree program. 
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In the fall of 1969, a draft questionnaire was 
drawn up to be answered by the Ontario engi- 
neering schools. This was subjected to a review 
by each dean of engineering in order to assess 
its appropriateness, and a revised version was 
sent to each faculty of engineering, for response 
by April 15, 1970. From then until July 1, hear- 
ings were conducted by the study group with 
every engineering faculty in the province. 

To obtain information abput engineering 
educational philosophy in Europe, the director 
visited institutions in Germany, France, Sweden 
and Great Britain. Other Canadian campuses 
visited were the University of British Columbia, 
University of Alberta, University of Saskatche- 
wan, University of Manitoba, Brock, Trent and 
York Universities, Ecole Polytechnique, Univer- 
sity of New Brunswick, Nova Scotia Technical 
College, and Memorial University of Newfound- 
land. In the United States we visited the Univer- 
sity of California at Los Angeles, Berkeley and 
Irvine, Stanford University, Harvey Mudd Col- 
lege, Dartmouth College, the State University of 
New York (Buffalo) , and M.I.T. Although the 
effect of so many visits and shades of opinion is 
somewhat kaleidoscopic, the study group believes 
the opinions which it has been able to develop 
were formed against an unusually broad back- 
ground of information. 

On the basis of this study, it can be stated 
with confidence that the engineering undeigrad- 



uatc in Ontario is being afforded the opportu- 
nity to graduate as a good engineer. While there 
are variations in the cost of different programs, 
and in the emphasis on graduate studies and on 
the degree of industrial and professional involve- 
ment, at the same time, there is an encouraging 
sense of purpose and enthusiasm on the part of 
both faculty and students. Indeed, a matter of con- 
cern to the study group is the impression that 
the differences among these schools are not signi- 
ficant. A wider spectrum of educational philoso- 
phy and technique is evident within a radius of 
seventy-five miles in the State of California than 
throughout the entire province of Ontario. Such 
a sameness cannot be blamed on the present 
system of financing, because these faculties came 
into being prior to the birth of the Basic Income 
Unit. Nevertheless, the interpretation of the sys- 
tem of formula financing adopted by several 
universities has militated against innovative 
breakthroughs in teaching or the development 
of new lines of endeavour. 

Formula financing in Ontario has as its aim 
the determination of income for each campus, 
not the establishment of guidelines for expendi- 
ture within the university. Some universities 
have adhered strictly to these terms of reference, 
but others have allowed the head-count to deter- 
mine the operating budgets of faculties or even 
for the smaller subdivisions. This type of **deci- 
sion by head-count” can represent an evasion of 
responsibility by those who should make strong 
decisions about educational philosophy and 
policy, and can become a stultifying influence in 
planning and development. It is ironic that the 
features that make some schools stand out fiom 
the group almost invariably are financed other- 
wise than by the Department of University 
Affairs— usually by a division of the Government 
of Canada or a granting agency in the United 
States. 

This report opened with the statement that it 
was about students, and at this point it is appro- 
priate to turn back to our primary concern. In 
the course of our interviews, we talked to several 
hundred potential engineers, and came to appre- 
ciate that they had this common characteristic: 
an eagerness to improve the system. The most 
persistently voiced complaint has been a disap- 
pointment with the first two years of their 
university experience; they find the course unim- 
aginative and lacking in opportunity for personal 
innovation. This feeling is most intense in those 
schools which have a common first year with 
science. The study group recommends that: 

(3:1) innovative opportunity in the form of design 
should be brought into li»t-year engineering pro- 
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gram $9 despite the elementary character of the 
design examples. The gain in motivation and 
morale would amply repay the expenditure of 
time. 

We talked a good deal about the general edu- 
cation afforded by engineering studies. The 
upsurge in students’ concern for the quality of 
life, and the intensity of their social commitment 
appears to be more than a passing phase, and 
attention must be paid to the demand for more 
meaningful education in the humanities and 
social sciences. General dissatisfaction was ex- 
pressed over the content and presentation of 
such work, whether it was a part of the regular 
course offerings in the university or, as is seldom 
the case, specifically designed for engineers. It 
will take bold new steps to solve this problem, 
for many compromise solutions have been tried 
and most have been found wanting. An editorial 
in The Engineer had this to say: 

The problem of broadening engineering edu- 
cation, always buffeted between high ideals 
and too little time, is assuming a new sense 
of urgency. . . . I'here seems to be a begin- 
ning of communication between engineering 
and social sciences, but there is still a com- 
plete disassociation between engineering and 
the humanities. Interaction between engineers 
and social scientists will introduce real-life 
complexities to engineering education; com- 
munication with humanists will widen overall 
responsibilities.^ 

It would appear that the limitation of time 
can be overcome since many students expressed 
a willingness to devote a further year to a mean- 
ingful program in the social sciences. Moreover, 
it seems inevitable that “liberal engineering” 
must have its genesis in an engineering school 
with a program whose aims are akin to those 
expressed by Gerald Walters: 

. . . Science and art share a common obligation 
to keep our minds open and to keep them 
deep, to keep our sense of beauty and our 
ability to make it, and our occasional ability 
to see it in plans remote, strange and unfamil- 
iar. Not an easy task in a great open, windy 
world — a rugged time of it no doubt, but 
now as complementing and no longer antag- 
onistic modes of experience.2 

Dr. Allen B. Rosenstein of the School of 
Engineering at U.C.L.A. has completed a com- 
prehensive study of engineering education^ and 

^The Engineer, March-April 1970. 

Kjerald Walters, **Unity of Knowledge and Experience”, Technology and 
Society, Vol. IV, No. 1 (1967) 44^. 

’A. B. Rosenstein, A Siitdy of a Profession and Professional Education. 
(Lot Angeles: University of Califor^a, 1969). 
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one of his coik lusions is p;*rti( uhirly relevant to 
the Ontnrio scene. He found sul)stniitial redun- 
dancies in engineeriiift curricula (e.g. he cites 
one .school where Hooke’s Law was treated in 
some detail six times) . Dr. Rosenstein asserts that, 
even allowing for deliberate repetition, a respec- 
table engineering curriculum of only three 
academic years in length could be designed if it 
is regarded as a project in systems analysis. On 
the basis of this model, an exciting program has 
been developed at Harvey Mudd College ( Clare- 
mont College System, Calilornia) which is pre- 
cisely “liberal engineering *. It is a four-year 
program, fully accredited by the Engineering 
Council for Professional Development. The 
study group is convinced that such a program 
should be introduc ed into the Ontario engineer- 
ing educ ation system and recommends that one 
school make this its majc:)r focus of effort. 

When one considers the great engineering 
schools of Europe and the United States, one is 
struck by the number of outstanding polytechnic 
institutes. This prompts the idea of a self- 
administered Ontario Institute of Technology 
with its own Board of (»overnors and Senate. It 
could 1)e either on an existing campus, or estab- 
lished quite separate and apart from any univer- 
sity. There is ample evidence that some faculties 
of engineering believe the present campus envi- 
ronment to be stultifying, particularly where the 
engineers are recent arrivals. When students 
were asked whether or not they favoured such 
a .separate institute, the answer was almost uni- 
versally an emphatic: “No!** The reason given 
for this response was the substantial educa- 
tional expericnc:e gained on a multi-di.sciplinary 
campus in associating with other students. Many 
insisted that coffee shop discussions were as 
important as any of the formal course programs 
in developing a broad scKial consciousness. 
When a similar question was asked of senior non- 
engineering academic personnel, the response 
was much less c :lear-cut. The reply ranged all the 
way from the emphatic .statement, “It would be 
a real tragedy**, to a pallid, “I suppose we would 
miss the engineers**. This general lack of con- 
cern is by no means restricted to Ontario, for as 
Sir Eric Ashl)y points out. 

Higher technology is admirably taught, and it 
is the object of much distinguished re- 
search. But it has not been assimilated into 
the ethos of the university. Universities have 
adapted themselves considerably to the scien- 
tific revolution, but in adaptation to technol- 
ogy — one of the consequences of that revolu- 
tion— they have not yet reached equilibrium.^ 

Only at Toronto does the engineering faculty 

^Ashby, Technology and the Academics, p. 88. 
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appear to be fully a.ssimilated into the univer- 
sity, as an equal member in a vigorous iiitcllet - 
tual partnership. Such a.ssiniilation takes time — 
there the faculty of applied science has coexisted 
with the other faculties for more than a century. 

The study group was iiupres.sed with the value 
placed by the students on the educational expe- 
rience available in a multi-faculty university 
community. At the .same time, it would be worth- 
while to try the experiment of a self-administered 
Institute of Technology. Not only does it offer 
promi.se of more unfettered educational expc'ri- 
inentation but also, as was pointed out in the 
submission of the University of Toronto, “A 
major substitution focus on a single strong 
technological university would provide a more 
stimulating challenge to the system than the ' 
evolutionary development of the status quo.’* 
Therefore, we shall recommend (page74) that 
one faculty of engineering be reorganized as an • 
independent technical university, with its own 
Board of Governors and Senate. i 

The motives for studying engineering appear 
to range all the way from a desire for a general ^ 
education to an ambition to become a member 
of a university faculty. There is no evidence of 
widespread interest in joining the world of v 
industry, and this reflects the apparent unadven- 
turous posture of so much of Canadian industry ^ 
— a picture that shows little sign of improving. { 
Indeed, industrial experience during the under- | 
graduate period often tends to quench rather ^ 
than kindle enthusiasm. In a final-year group at | 
the University of Waterloo only 32% of the 
class signified an intention to pursue careers in | 
industry. 

Very few declared they had an interest in 
self-employment, either as entrepreneurs or as 
consultants. In general, the student sees his | 
future in the role of an employee-engineer. Such | 
unadventurous student aspirations are disturb- 
ing, and bring into question the appropriateness 
of the pre.sent educational spectrum either to 
excite the imagination of the unawakened, or to 
provide a proper curricular structure for the 
large number who will be pursuing predomi- 
nantly non-technological careers. 

It is unrealistic to believe that the many and 
diverse motivations of students can be sati.sfied 
with the one curricular assembly which has been 
attempted in most Ontario engineering schools. 

For this reason, the study group recommends 
the development of diversity by the acceptance 
of more definite roles in undergraduate educa- 
tion. In addition to the “liberal education** role 
already discussed, we feel that two schools should 






spcriali/c* in the broad llelcl of inlormalion sys- 
tems eii}»inecriiig. another in ecological engi- 
neering, and a fourth in agricnltnral engineering, 
riiese same foci of spec ialization should extend 
into graduate education so that on each c ampns 
there may develop, over the next ten years, 
distinct concentrations of excellence. Specific 
recommendations in this regard aie given on 
pages 7H83 

The stndcnts‘ response to a separate qnc*stion- 
iiaire provides fnrther food for thonght. They 
rc‘gard as of equal iinportance in their educa- 
tional experience the ability to identify and 
forninlate problems in cpiantitative terins. and 
the development both of a “sense of innova- 
tion*’ and of a *’feel for the soeio-tec hnologic al 
relationship’*. Some students believe that our 
engineering sc hools shonlcl eiuoiirage student 
exc hange programs with Quebec, as a factor in 
the maintenance of Canadian unity. .V student 
letter on this snbjec t is reproduced in Appendix 
A. 

Their recommendations for ways to improve 
theciirricnlnni include: 

(1) earlier design experience; 

(2) more freedom of choice of elective 
courses; 

(,3) more sense of an integrated educational 
plan; 

(4) More “hard engineering” material — that 
is, more applied science, as opposed to 
theoretic al cone epts. 

In general, satisfaction was reported with indi- 
vidual courses, but the majority felt they were 
allowed too few glimpses of the overall plan 
behind their particular cnrricnlar programs. The 
general cTiticism was stated succinctly by one 
student who said, “It is attitude rather than con- 
tent, style rather than subject matter, and the 
system rather than the course, which are the 
causes of student despair.” Despairing or not, 
60% of the students responded that, armed with 
their present experience, they would enrol in 
engineering again, while 20% said they woidd 
choose another discipline. 

The number of women enrolling in engineer- 
ing is increasing slowly but still represents a very 
small minority. This is regrettable, because the 
nature of moclern engineering is such that most 
engineering occupations could provide women 
with promising careers. While female enrolment 
is encouraged, it would appear that in many 
instances in the high schools girls have been 
counselled against considering engineering as a 
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professional career. An interesting paper on this 
point by an nndergraduate student is inc lncled 
in Appendix A, 

The study group spent a good deal of lime 
meeting with meinbers of Ontario engineering 
facnlties and this has resulted in a nimiber of 
opinions. One has been noted; a reasonable 
education experience is available in all of the 
sc hools, although often it is not well mate hed to 
the aspirations of many students. 

In the present context of Ontario seconclaiy 
sc hool preparation, and the short nniversity aca- 
demic* year, it seems c lear that at least four years 
;ue required for the undergraduate course. 
No real pressure has been developing to extend it 
by a fifth year. Rosenstein’s observation about 
curricular redundancies shonlcl be taken seri- 
ously, to ^ensure that student and fac ulty time is 
being wisely invested, before any alteration in the 
length of the programs is contemplated. The 
study group has become convinced that the cur- 
rent practice of beginning technological educa- 
tion ciirectly out of sec ondary school is a good one. 
The student desire for an early c ontact with engi- 
neering is intense, and constitutes a strong argu- 
ment against a preliminary general program. 

Current curricula reflect the convic tion of the 
deans of engineering that Canada’s industrial 
sophistication would develop more quickly than 
it has. The engineering program has a high 
content of mathematics and science with a rather 
low proportion of time being devoted to technol- 
ogy and business administration — apparently on 
the premise that a significant fraction of engi- 
neering graduates would be making their careers 
in the innovative activities of research, develop- 
ment and design. The lack of any reliable predic- 
tors for technology, coupled with the current air 
of uncertainty in the economy and of policies 
relating to national resources, makes it diflicidt to 
match cairricnla to the future demand for skilled 
personnel. Ediu:ational lags cannot help but be 
substantial. Usually it takes at least two years to 
implement a new university course, up to four 
years before the student who completes that 
course enters professional life, and another year 
or two before his efforts are felt in the profession. 
Thus trends must be identified at least seven years 
before any significant feedback can be realized 
from the educational system. Since it seems ine- 
vitable that the Canadian ec onomy must develop 
through the application of “high technology”, no 
strong argument can be advanced for reverting to 
the hardware-oriented curricula of the past. 
In any case, such needs are being met by the 
Colleges of Applied Arts and Technology. 
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We do not wish to imply that laboratories are 
becoming of less importance. Indeed, the labora- 
tory is still the place where the student meets the 
physical world, and becomes acquainted with the 
instruments and techniques of his profession. 
Laboratories should be used by the student to 
gain information, judgment and design experi- 
ence, rather than the traditional use by instruc- 
tors to demonstrate known laws of science. A 
laboratory should be exciting to the student, 
a place to kindle the flame of invention and 
ingenuity. It is there that the student learns the 
rudiments of modelling, simulation and testing. 

We recommend that: 

(3:2) each engineering school undertake a study of 
its teaching laboratories^ and establish ways in which 
die student will use them to obtain design experience. 

It is surprising that universities have not 
developed depreciation policies in respect to 
laboratory equipment. This is the pattern for 
industry, which begins to write off equipment 
on the day of installation, in order to build up 
reserves for replacement, as well as for tax pur- 
poses. If a similar procedure is not adopted for 
university laboratories, they will soon become 
museums. Furthermore, as the equipment ages, 
present practice will have the undesirable side- 
effect of shifting curricula away from the labora- 
tory towards more class-intensive and software- 
oriented programs. Such a shift could reduce the 
versatility of the graduate. Therefore, we recom- 
mend that: 

(3:3) universities establish a depreciation policy 
with respect to engineering laboratory equipment, 
so that before it l^omes obsolete or worn out, 
adequate reserves are generated for replacement. 

A good argument can be made in favour of 
more engineering/business management interac- 
tion at the undergraduate level. More than half 
the students enrolled in M.B.A. programs are 
engineers, and ten years after leaving university, 
more than half of Ontario engineering graduates 
are in management career patterns. Further- 
more, increasing numbers of very senior posi- 
tions, both in industry and government, will be 
filled by engineering graduates. Such trends have 
not been given sufficient weight in planning 
undergraduate curricula, and should be reap- 
praised with confidence as to their relevance to 
the future. Indeed, the development and main- 
tenance of an integrated curricular plan is of 
such importance that the study group makes this 
recommendation: 

(3:4) Each faculty should have a standing committee 
on curriculum, with substantial student representa- 
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tion, whose responsibility it is to ensure that there is 
an articulated sequence of courses in each stream. 
Such a committee should regard as its prime function 
the continuous .jonitoring and updating of the cur- 
ricular system. 

There have been recurrent suggestions that 
the traditional departmental divisions of engi- 
neering education are outmoded, and some 
Ontario faculties (e.g., Carleton) have replaced 
them with names and structure conforming to 
divisions of study instead of professional classi- 
fications. The study group could find neither 
strong objection to such a development, nor any 
compelling reason to recommend it. Since it is 
in the nature of an evolutionary change, begin- 
ning in the graduate school, such a decision will 
be reached at a different time in each faculty, 
as a function of the character of its research and 
graduate activity. 

In view of the sluggish development of 
university/industry interaction, it is suggested 
that the following experiment be made by some 
faculty of engineering located near a large indus- 
try. A satellite campus would be established on 
the plant site, staffed by university faculty who 
are half-time industrial employees. The student 
body would consist of third-year students who are 
also half-time employees; they would complete 
their third year in one complete calendar year, 
in this industrial-academic environment. Such an 
experiment should serve to develop more vigor- 
ous liaison between campus and company, and 
would provide considerable experience for fac- 
ulty and students, as members of an industrial 
task force. This suggestion is an extrapolation of 
the cooperative plan for engineering education 
followed by Waterloo. It is on a much smaller 
scale but with professorial involvement, and is 
highly dependent on the nature of the industry 
in the community. It should not interfere with 
the Waterloo program, which works well and 
provides valuable experience to the student. 

In this chapter an attempt has been made to 
take account of some of the considerations 
behind undergraduate curricular development. 
It is artificial to think of undergraduate educa- 
tion separate and apart from graduate studies — 
they are, in a very real sense, an educational 
continuum, particularly as interdisciplinary 
involvement develops. Nonetheless, there are 
differences, not the least of which is the extent of 
the demand for the services of holders of a 
graduate degree as against that for those with 
a bachelor's degree. Because of these differences, 
the graduate educational environment will be 
discussed separately in the next chapter. 
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In the first chapter of this report, we con- 
sidered the motivations and aspirations of a 
typical student, Jean, as he left secondary school 
to begin his first year of professional education. 
For purposes of continuity, we must assume that 
Jean is in that 25% of engineering graduates 
capable of successful completion of a program of 
graduate studies. Despite such qualifications and 
the opportunities available for advanced work, 
there is more than an even chance that Jean will 
elect to enter the practice of his profession as 
soon as he finishes his baccalaureate studies. 
Engineering differs from most other disciplines 
in that about 70% of its students acquire indus- 
trial or consulting experience before returning 
for graduate work. Typically, Jean will work at 
his profession for two or three years, during 
which time he will develop a strong desire to 
extend his knowledge, and possibly to develop 
his expertise in the direction of a career in 
research or development. He will seek out the 



professor whose special research activity corres- 
ponds most closely to his own interest >, and then 
apply to enrol in the appropriate graduate school. 
Thus, he will become a member of a group 
which, because of those industrial years, has a 
somewhat higher average age than that of post- 
graduate students in other disciplines. Let us 
examine the characteristics of Jean’s new 
environment. 

A hallmark of the sophistication of an intellec- 
tual discipline is the breadth of its generalities. 
The laws of physics, for example, are very perva- 
sive, while those of psychology are quite circum- 
scribed; physics is at a much more sophisticated 
stage than are the social sciences. As these general- 
ities evolve, their broad applicability causes 
the boundaries between disciplines to become 
increasingly fuzzy, and sometimes to disappear. 
In a university, the erosion of disciplinary iden- 
tification is seen first in the research laboratory 
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or design onice. wlieiuc ii spreads into the lc(‘ 
lure r(K)in, and iitiiniaiely to the undcrgiadunte 
program. 

Onr engineering .schools have a particularly 
iiiiportant role to play in the development ol 
interdi.se iplinary research programs, not only 
hecaii.se engineering is a '‘bridge discipline", but 
also because engineers have made it their busi- 
ness to understand ilte c Itarac teristic s of complex 
interacting systems. This makes the research 
engineer uniquely valuable in interaction with 
the life scientists (bio-iiiedic a) elec tronic s, health 
care delivery .systems, physiological intrumenta- 
tion) , the social scienc es (sex io-teclinological 
forecasting, mathematical modelling) and the 
physical scientists (scale-up of processes, hard- 
ware development, simulation and optimiza- 
tion) . Thus the l!)70s .should sec a vigorous 
thrust in interdisciplinary research and educa- 
tion an opportunity that must be exploited to 
the limit. 

There is a good base on whic h to build this 
interdisi iplinary ac tivity, thanks to the dramatic 
de\ elopnient, over the past dec ade, of engineer- 
ing graduate work in Ontario. An indicator of 
this fact is the rise in enrolment of graduate 
students, from 295 in 19(i0 to 1,900 in 1906,* 
with a proportionate increase in the number of 
research directors. The accompanying aggressive 
recruitment of faculty l)rought into the univer- 
sities a large number of younger members edu- 
cated in sc ience-inteiisive programs. Such indivi- 
duals represent a re.soiirce of engineering talent 
predisposed to research projects of consideral)le 
interdisc iplinary scope, and at a time when there 
has developed a very real awareness of the inter- 
dependenc e of disciplines. 

Graduate studies in seven of the provincially- 
siipported faciiltie.s of engineering have been 
developed betwc*en I960 and 1970. This decade 
has been one of great advances in technology, 
partic ularly in the area of data assembly, infor- 
mation management and computation and con- 
trol by computer. Then has been a strong 
incentive to develop graduate studies, with the 
result that by 1909 there were 1.279 candidates 
for the master's degree and 014 (544 with the 
master's degree) for the Ph.D. degree enrolled 
in Ontario engineering schools. Such rapid 
growth has raised the question of the ability of 
so many faculties to Onance and sustain Orst-class 
graduate programs over the full spectrum of 
(lisciplines. Because of this concern, in 1907 the 
Ontario Comic il on Graduate Studies (OCGS) 
instituted an appraisal scheme for suggested new 

*Scc Appendiv B. Table B-3. 
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programs: within its tennis ol rcdcrcnc e the 
sc heme works wcdl. I’lie dec isions of 0(!(iS have 
been based on the (pialific aiions of fac iilty and on 
the adeqiiac y of library and laboratorv lac ilities to 
ensure reasonably imifonii standaicls of excel- 
lence. (tradiiatc ac tivity ac loss the provinc e lias 
gained considerable lialancc, with c entres of 
excellcMic c in r>artic iilar areas now beginning to 
appear. However, it is evident that employment 
prospci i.s .'ire likely to be cpiite bleak for the 
liiindred engineers who will graduate with the 
Ph i), degree in l!)70; IcKiking hac k, the question 
arises as to whether c arccT prospcc t.s should have 
been inc hided in the list of c riteria for progiam 
initiation. 

The strategy should he to build on streiigtii. 
so that significaiu concentrations of effort can 
emerge ewer the next ten years. Examples of 
siieh developments arc the Institute for Aerospace 
Studies at the University of Toronto, the Cana- 
dian Institute for (oiided Ground Transport at 
Queen's, tlie Institute for Materials Research at 
.MciMaster, and the Management .Science Pro- 
gram at WaterIcK). Now that examples of spec iai 
excellence arc appearing, opportunity for their 
(Irvciopment must be engendered by deliberate 
avi'idance of duplication of effort. The concept of 
"centre of excellence" should be in the sense of 
IVk'iis of interest, rather than of geographic 
IcK'ation. 

Consideration has been given to tlic problem 
of a balance between supply and demand; a 
study of the need for engineers with the bache- 
lor's degree bar. Iicen completed and is reported 
elsewhere (Chapter 9) . It shows that a normal 
Iniildoip of enrolments in the undergraduate 
programs should parallel demand until 1980. 
There are many indications that the master's 
degree will assume increasing significance in the 
1970s. This is the level of engineering education 
recommended as a first professional degree in 
the Goab report of the American .Society of 
Engineering Education. Dean Maslarh of Berke- 
ley maintains, "The rallying point for engineer- 
ing education in the next decade will be the 
master's degree.” The trend is to larger numbers 
of graduates entering "eourse-intensive" master's 
degree programs, and this is quite appropriate 
to the nature of tlie demand for engineering 
services. There seems to l)e no justification for 
curtailing enrolment for work leading to the 
master's degree. 

Within tfic Canadian environment at the 
present time, it isdiflinilt to rationalize den toral 
programs in engineering. Most of tfiese programs 
were set up in the ronviction tliat st ience-based 
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industry would cx|H?ricn( c vigorous development 
during the 1900s. However^ this strong tliriist 
hiiled to materi«ili7.e, and now there is retrench* 
nient in some of the snhsidiary industries, with 
a reduction in the (..niadian roniponent of their 
research and development elfort. 'Foday, in the 
light of the apparently modest employment pros* 
pec ts in industry, the opinion is being voic ed 
that programs leading to the Ph.D. are too 
extensive. For example, the St ient e Coniuil ot 
Canada has pointecl out that "the supply of 
Ph.D.’s is now big enough to fdl the currently 
low demand for Ph.D. s in resc^irc h and develop- 
mem . . . this is C'anada’s first chance to really 
start putting Ph.D.’s into key position.s through' 
ont the economy and not jiist in the R and 
D I; horatory . . . the universities in Canada 
annually produce more Ph.D.’s in science and 
engineering than the total stock of Ph.D.’s in 
C'anadian industry.”^ 

The universities have been Canada’s most 
aggressive recruiters of Ph.D.’s over the past 
decade of vigorous growth in onr engineering 
schools. Now this growth rate will cliininish. 
providing an opportunity both for consolidation 
of effort and for the development of excellence. 
Based on past statistics, the attrition rate of 
academic staff in Ontario engineering schools 
will be almnt .14% per year. Tims, over the 
present decade approximately <>2.5 academic 
engineering positions should open np in Onta- 
rio, most of whic h will demancl a Ph.D. degree. 

(See page 54). While it is to be hoped that all such 
positions will not be fdled by newly-graduated 
candidates, this figure is quoted to show that 
university employment should continue to con- 
stitute a significant market for engineers with 
dcK'torates. If current enrolment trends continue, 
it is anticipated that 1,400 Ph.D.’s in engineering 
would l)e awarded in Ontario over the same 
period of time: so that the expected number of 
academic vacancies would amount to about 45% 
of the total nninhcr of Ph.D. degrees to be 
conferred. 

The federal goverimient, in its concern over 
the slow development of Canada's secondary 
industry, has set up a series of incentive pro- 
grams (IROIA, PAIT, IRAP, etc.) , to stimu- 
late expansion through innovation. In addition, 
fellowship programs have been in itiated to 
encourage engineers to upgrade their qualifica- 
tions (PIER Fellowships) , and to persuade 
industry to employ engineers who hola doctor- 
ates (Industrial Post-dcKtorate Fellowships) . 
These programs are exploratory in nature, and 
it is too early to evaluate their impact. The 

S C August 1970). p. II. 
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Ph.D. engineer reejnires time to realize that the 
tec hniqiies and strategies whic h he employed in 
his giMduate work have applicability f.ir beyond 
the research and development laboratory. Also, 
the iiulnstvial employer must come to realize that 
the Ph.D. can be an asset in a wide variety of 
assignments, including operations research, mar- 
ket research and production engineering. At the 
moment, there is an over-supply of doctoral 
graduates in engineering, and indeed the Ph.D. 
degree may c lo.se the door to many an engineer 
seeking employment, because industry assumes 
that his field of interest is too narrow. 

An estimate of the point in time when supply 
and demand will coincide can only be made on 
the basis of a comprehensive manpower study. 
It involves consideration of the career patterns 
of engineering graduates at all levels as well as 
the recruitment patterns of all potential employ- 
ers. Accordingly, the study of engineering man- 
power is dealt with in detail in Chapter 9. It 
forms the basis for our belief that the current 
trend of enrolment in dcKtoral programs will 
result in more graduates than can be absorbed 
into the economy. This forces us to de. 1 with 
the frequently-debated question, "Has a ^iniver- 
sity any responsibility for the future careers of 
its graclnates?’’ A satisfactory resolution of this 
question is difficult, and it must be considered 
in company with a second question, "At a time 
when educational costs are becoming prohibi- 
tive, should we continue programs which cannot 
be justified economically?’’ The two questions 
taken together are more easily answered than 
eitluT alone. Therefore, the study group will 
make the recommendation that immediate steps 
be taken to lednc e the enrolment of Ph.D. candi- 
dates in Ontario to a total of 450, with a view of 
graduating no more than 125 Ph.D. engineers 
each year. Although thisnumberrepresentsa dras- 
tic curtailment, it is consistent with employment 
forecasts, which should be reviewed periodically. 

While enrolment in programs leading to a 
master’s degree should be allowed to increase 
naturally, it will be recommended that they not 
exceed 1,8.50 by 1980. In this study it became 
apparent that such graduates are l>eing employed 
because of their extra knowledge and maturity 
rather than for the research experience gained 
in graduate schcx)l. This justifies considerable 
experimentation with the character of the edu- 
cational experience offered as qualification for 
the master’s degree, particularly as service indus- 
tries expand and proliferate. (See Chapter 9.) 

A levelling-off in total graduate enrolment in 
the si’hools of engineering should not be a cause 
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of concern, since it will present o much-needed 
opportunity for consolidation afier the vigorous 
expansion of the past few years. There has been 
a general and yet incorrect assumption that 
engineering research must involve graduate stu- 
dents. This has led to the situation where most 
engineering faculty members, even the rela^'*'ely 
inexperienced younger ones, function as research 
managers rather than as active participants. A 
decrea.se in the number of doctoral candidates 
could have several desirable effects: 

(1) There will be an opportunity to redress the 
present imbalance between undergraduate 
a^4d graduate effort. Existing undergradu- 
ate programs would benefit from mere 
experimentation and more intense effort 
to engage the imagination of the undergra- 
duate engineer at* the very beginning of his 
university experience. 

(2) More faculty will be able to undertake 
projects in the neglected areas of engineer- 
ing synthesis, such as device and process 
design, systems engineering and production 
engineering. 

(,S) There can be more direct involvement of 
faculty with Canadian industry, cither as 
independent consultants or through on- 
campus research institutes. Many engineer- 
ing faculty, now performing perfunctory re- 
search, can make a greater contribution in 
shorter-term technological projects. 

(4) There woiild be a general upgiading in the 
quality of research in the graduate schools, 
and stronger research teams grouped around 
the most skUful directors. On this point Dr. 
O. M. Solandt, Chairman of the Science 
Council of Canada, has made this comment: 
1 do think there should be fewer and better 
people doing research. A good university 
teacher does not n^ed to do research himse!f, 
but he certainly must live and work in an 
environment where there is close contact with 
research, i am quite certain ♦hat in Ca:.ida 
we are spreading our resources too thinly. 1 tie 
effective value of a research grant has risen 
very little in the last ten years and is a sti;all 
fraction of a similar grant in the United States. 

If we cannot get more money for basic research, 

I am sure that our present expenditure in 
Canada would make a greater contribution to 
wor ld science if it were spent by fewer people.^ 

One of the consequences of a smaller number 
of doctoral candidates will be an annual reduc- 
tion in total costs of more ban two million 
dollars. It is important that some of this saving 
be redirected into undergraduate programs in 
order that the other recommendations of this 

^Chentisiry in Canada, Summer 1970, p. 20. 
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report may be effectively implemented. The 
assumption of special roles by engineering 
sc hools will need financial support to offset pos- 
sible temporary shifts in enrolment patterns. 
Such financ ’al adjustments will have to be made if 
the desired improvements in the system of engi- 
neering education are to become a reality. 

It is regrettable that part-time graduate studies 
have met with such indifferent success. The 
record of atuitipts is distressingly similar: too 
many classes cancelled because of a lack of ade- 
quate enrolment, despite schedules arranged 
for the c.onvenience of industrially-employed 
engineers. Soinev.ii:,t better success was achieved 
when lectures were offered at an industrial site 
(e.g., Waterloo at Sarnia). These experiences 
are c onsistent with tho.se of engineering schools 
in the United .States. There, in an attempt to 
improve the sitiiation several schools have devel- 
oped part-time programs ha.sed on a closed- 
circuit television talk-back system, in locations 
where large science-based industries operate. 
The industrial part-time ^Tadua^ students par- 
ticipate in regular lectures but in their own 
lecture rooms on the plant site, by means of 
cable contact with the university lectuie room. 
Thus, these students take the same lectures and 
write the same examinations as the b;il-time 
students. At Stanford University, wh^.rre such a 
system has been in use for three years, ivc found 
general enthusiasm for the scheme. Records show 
the academic performance of industrial groups 
to be almost identical with that of students on 
campus. 

Such systems are expensive, as indicated in 
Appendix C. However, they are particularly 
attractive where the engineering school is sur- 
rounded by ‘*high technology” industry. In 
Ontar'^, the Ottawa legion would be an ideal 
area for such an experiment, with its two engi- 
neering schools less than lour miles apart. Ten 
miles tc the west, at Shirley Bay, is Bell-Northem 
Research, the largest industrial laboratory in 
Canada, and the Federal Communications Re- 
search Centre. In addition, there are the excel- 
lent laboratories of the National Research 
Council, the Defence Research Board, the De- 
partment of Agricultinv., and the Department of 
Energy, Mines and Resources. The study group 
recommends that: 

(4:1) a talk-back tel<>vision network in Ottawa be 
thoroughly explored. 

If it proves to be impracticable there, probably 
it will not be feasible elsewhere in the province. 

A general impression was gained that the 
sh.iring of research facilities is not yet well devel- 
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oped, even though the idea is attractive — it 
brings staff and students together while at the 
same time offering the possibility of consider- 
able economies. Much could be gained by mak- 
ing joint applications for negotiated develop- 
ment grants to acquire major equipment items. 
As evidence that such schemes do work, there 
is the 220 MHz nuclear magnetic resonance 
spectrometer, administered jointly by McMaster 
and Toronto and operated at Sheridan Park by 
the Ontario Research Foundation under con- 
tract with the Nationa'i Research Council. 

Recently, there have been expressions of con- 
cern over the restriction on public disclosure of 
the results of certain graduate research in order 
to protect the proprietary information of a spon- 
sor. Such cases are rare and, of course, completely 
antithetical to the idea of graduate education. 
The student, at any stage of his research, must 
be free to discuss results with his colleagues, 
either in the seminar room, or in an appropriate 
journal. No other practice should be contem- 



plated, and when classified work is undertaken 
it must not form part of the academic require- 
ment of a graduate student. The graduate thesis 
should become a public document. 

It is importmt that this study on graduate 
engineering education does not stand alone. 
Some of the concern expressed in this report will 
be applicable to graduate work in the sciences, 
the humanities, and the social sciences. Indeed 
we recommend that: 

(4i2) a report be prepared fur Ontario similar to that 
prepared by Allen M. Cartter/ dealing with graduate 
education in the United States. 

Such a document, updated at regular intervals, 
would provide a comparative appraisal of the 
aims and quality of graduate education in the 
Ontario universities. 

*AUan M. Cartter. Vice-President, American Council on Education. 
An Assessment of Quality in Gradimte Education^ a study for Commis- 
sion on Plans and Objectives for Higher Education, American Council 
on Education. (Washington, D.C., 1966). 
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RESEARCH 



• 

The pace of engineering research in Ontario 
began to accelerate in 1958, for two principal 
reasons: 

(1) Seven additional engineering schools were 
taking shape, in anticipation of a rapid 
increase in undergraduate enrolment (Carle- 
ton, Guelph, McMaster, Ottawa, Waterloo, 
Western and Windsor) . This expansion in 
engineering education necessitated a vigor- 
ous recruitment of faculty, which meant 
that in little more than a decade the 
number of university research directors 
increased eightfold. 

(2) Most engineering deans were convinced 
there would be a rapid evolution of “high 
technology’’ industry in the 1960s — an 
assumption based on national needs and the 
developments in other countries. The result 
of such a swing into secondary and tertiary 
industry would be prospects of employment 



for large numbers of research and develop- 
personnel, many of whom would be edu- 
cated in research-based programs. 

An attempt has been made to provide a visual 
impression of the extent and intensity of engi- 
neering research in Ontario (Fig. 5-1) . In this 
illustration, the fields of research endeavour 
have been listed under 45 headings, consistent 
with the classifications used by the Science Secre- 
tariat. The number of professors identifying a 
given category as their major research interest 
has been used as an indication of intensity of 
effort in a given field. We recognize that this is 
an imperfect criterion, because it contains no 
value judgment as to the quality of work being 
done by a given man or at a given institution. 
Thus no more should be read into Figure 5-1 
than is intended — a measure of the amount of 
work under way. The shortest bars represent 
three or fewer principal investigators, the 
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Figure 5-1 
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1. ACOUSTICS 

2. AEROOYNAMICS 

I ANTENNAS 

4. APPLIED PHYSICAL CHEMISTRY (MI8C.) 

5. BIO-ENGINEERINO 

e. BIO-MEOICAL ENGINEERING 
7. CERAMICS 

9 . CHEMICAL KINETICS AND REACTOR DESIGN 

9. CIRCUIT THEORY 

10. COMMUNICATIONS TECHNOLOGY 

11. COMPUTER HARDWARE 

12. CONTROL SYSTEMS 

II CORROSION ANO ELECTROCHEMISTRY 
14. DESIGN ANO PRODUCTION 

11 DYNAMICS ANO STABILITY 
11 ECOLOGICAL ENGINEERING 
17. ELECTROSTATICS 
11 ENERGY CONVERSION 
19. ENGINEERING MANAGEMENT 
21 EXTRACTIVE METAUURGY 

21. FLUID DYNAMICS 

22. GEOTECHNICAL 

23. HEAT ANO MASS TRANSFER 

24. HYDROLOGY 

25. INFORMATION SYSTEMS 

26. MATERIALS HANDLING 

27. MATERIALS RESEARCH (GENERAL) 

21 MICROWAVES 

29. MINING ANO MINERAL PROCESSING 

30. NUCLEAR ENGINEERING 

31. OCEAN ENGINEERING 

32. OPERATIONS RESEARCH 
31 OPTICS 

34. PHYSICAL METALLURGY 

31 PLASMA TECHNOLOGY 

31 PC'.YMER TECHNOLOGY 

37. POWER TRANSMISSION ANO DISTRIBUTION 

31 PROCESS DESIGN ANO SIMULATION 

39. SOLID BODY ANO CONTINUUM MECHANICS 

40. SOUO STATE 

41. STRUCTURAL DESIGN 

42. SURVEYING ANO MAPPING 

43. SYSTEMS ANALYSIS ANO DESIGN 
^44. THERMODYNAMICS 

41 TRANSPORTATION SYSTEMS 
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h PRIMARY INTEREST OF 1-3 PROFESSORS 
PRIMARY INTEREST OF 44 PROFESSORS 
PRIMARY INTEREST OF MORE THAN I PROFESSORS 




medium-size bari, denote groups of three to eight 
professors, and tlie largest bars, groups of more 
than eight. Thus, the density of the horizontal 
lines gives an impression of the extent of acti- 
vity in a given area of research, while the density 
of the vertical columns gives an idea of the 
activity in a given institution. A more detailed 
description of engineering research programs 
is to be found later in this chapter in Tables 
5-1, 5-2 and 5-S and in Appendix D. 

These summaries show the research program 
in Ontario as broad in scof>e, significant in total 
effort, and representative of large investment 
both in facilities and in operating expenses. For 
these reasons an attempt will be made to answer 
the following questions: 

(1) Is the research component of graduate edu- 
cation providing suitable training for the 
graduate student? 

(2) To what extent should engineering research 
in the universities be ' mission-oriented*'? 
Is the nature of the research being executed 
appropriate to the needs of our society and 
our economy? 

(3) How might better university/industry co- 
opeiation be achieved? 

(4) Is full advantage being taken of the oppor- 
tunities for inter-university cooperation? 

(5) Is the annual expenditure on engineering 
research in universities appropriate in the 
light of other needs? 

(6) Is a reasonable and proper balance being 
struck among the three a*reas of teaching, 
research and consulting? 

RESEARCH AS AN ELEMENT OF 
EDUCATION 

Research in the engineering schools of Ontario 
is carried out by five classes of investigators: 
senior undergraduates, candidates for the master’s 
and the Ph.D. degrees, post-doctoral fellows and 
professors. The involvement of undergraduates 
has been included here because of its importance 
in arousing the enthusiasm of the student, rather 
than for any contribution that might be made to 
advance technology. 

Some of the most imaginative educational 
experiments have developed around the involve- 
ment of senior students as members of a team 
inve.stigating industrial problems. Such problems 
may take the form of process simulation, optimi- 
zation, design or operations research, and usually 
they are attacked by a student team, strongly 
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supported by a group of professors and indus- 
trial engineers. It is in this area that the most 
significant in Jiistry/imivcrsity cooperation has 
occurred. The enthusiasm of students for these 
projects can best be demonstrated by their heavy 
commitments of time and by the uniformly 
favourable response recorded at the end of each 
project. They represent a substantial commit- 
ment on the part of faculty, which seems fully 
repaid by the results. It is clear that this kind of 
early research experience should not only be con- 
tinued but be emulated in those schools that do 
not have such schemes. 

Most faculties of engineering have two types 
of program leading to a master’s degree: 
research-intensive and course-intensive. The first 
has the traditional proportions of courses (2i/^ to 
3i/o) to research experience (about 9-10 months 
of directed research) , while the second has a 
heavier requirement of graduate courses (3i/^ 
to 5) with less time spent on research (a maxi- 
mum of 6 months) . The average period needed 
to complete the requirements for the degree is 
about 17 months. In general, students intending 
to proceed to the Ph.D. elect the former of these 
programs while those intending to finish with a 
master's degree choose the latter. 

In Canada, standards for the master's degree 
have been kept high and it is well regarded by in- 
dustrial employers. The reason for this esteem is 
that the graduate has had an extra year of course 
work, rather than on the anticipated value of an 
introduction to research strategies and tech- 
niques. For this reason, the proportions of 
students electing the course-intensive program 
should increase, especially if admission to Ph.D. 
programs is curtailed. Research performed by 
candidates for a master's degree in engineering 
generally seems to be of more significance in its 
context than similar effort in the pure sciences, 
if the proportion that reaches publication is a 
reliable indicator. Probably a reason fbr' this is 
that so much of speculative engineering research 
is at the level of master’s work where risk of fail- 
ure will not have the disastrous impact on the 
student that can be the consequence of a fruit- 
less Ph.D. research project. It is ironic that 
because of this concern for the student, the 
real ground-breaking is done by the least experi- 
enced, while the more senior students tend to 
address themselves to problems whose outcomes 
are relatively predictable. The criteria of assess- 
ment for engineering research theses to a large 
extent have been inherited from physics and 
chemistry, and no doubt it is time to study these 
criteria in the light of modern engineering. The 
Ph.D. degree traditionally involves a thesis of an 
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analytical nature, while much of modern engi- 
neering innovation is in the area of synthesis, 
and this really is not research in the accepted 
sense of that term. Very few schools have pro- 
grams of any kind in which a graduate degree is 
awarded for original design, as opposed to origi- 
nal research. It is for these reasons that the study 
group recommends that: 

(5:1) The criteria of acceptability of graduate degrees 
in engineering should be recast in order that a thesis 
based on design or systems synthesis may be suitably 
assessed. This could involve the establishment of a 
new degree at the doctorate level. 

There is little sign that the research compo- 
nent of graduate education is inadequate, and 
many instances have been observed where the 
training is of a superior nature. As proof, one 
can cite the generally high calibre of the Cana- 
dian engineering research journals, the ready 
acceptance of engineering research papers for 
publication in foreign journals and the distinc- 
tion being achieved by Ontario graduates in 
domestic and foreign professional employment. 
A widespread concern has been voiced over the 
general lack of industrial or “beyond the clois- 
ter'' experience of the teaching faculty, a defi- 
ciency that is jSaid to affect the quality of both 
undergraduate and graduate programs. The 
main impact of such a deficiency on research 
activity appears to be on the relevancy of 
research projects, rather than on the quality of 
their direction or of the total educational experi- 
ence. A study of the careers of members of engi- 
neering faculties shows a larger proportion of 
teachers with substantial professional background 
outside the university than seems generally to be 
appreciated. Nonetheless, as a result of vigorous 
recruitment in the 1958-68 period, there still are 
many young professors who come directly from 
graduate school. This pattern has provided justi- 
fication for the contention that too often a profes- 
sor’s research is no more than an extrapolation of 
thesis material that has originated in the mind of 
his research director. In addition, the candidate 
for the master’s degree, or the doctorate, often 
is exposed to so narrow an educational experience 
that he graduates without a proper awareness of 
the scope of his field of activity and soons finds 
himself to be less versatile than is desirable and 
necessary. However, this decade can provide time 
for consolidation when university/industry co- 
operation almost certainly will intensify and 
improve, giving members of engineering faculties 
an opportunity to acquire professional experience 
beyond the confines of the campus. Our concern 
is not so much that good research strategy and 
technique is not being taught but rather that the 
choice of problem should be topical. 



RELEVANCE OF UNIVERSITY 
ENGINEERING RESEARCH 

There has been a tendency over the past two 
decades for the topics of engineering doctoral 
theses to bear a stronger resemblance to physics 
than to engineering. This pattern is not pecu- 
liar to Ontario, or even to Canada, and one 
reason for it is the short space of time in which 
universities have been engaged in engineering 
research, as compared to developments in the 
pure sciences. 

World War II provided dramatic examples of 
the power of basic science. After it was over, 
engineering educators began to enrich their cur- 
ricula with more science and mathematics, 
hoping to turn out graduates more capable of 
bridging the gap bet\veen discovery and its 
practical application. In the university research 
laboratories of Canada, the majority of projects 
have been financed by grants from the National 
Research Council, whose committees were accus- 
tomed to allocating support to individuals for 
projects in the areas of pure science and who ga^^e 
the appearance ot having little knowledge of 
engineering research, or of the rapidly-growing 
resource of engineering academic personnel. It 
was learned that the more closely an engineering 
proposal resembled one in pure chemistry or 
phyiics, the greater was the chance of receiving 
adequate funds. This pattern has been changed, 
due in large part to the vigorous and vociferous 
activity of the National Committee of Deans of 
Engineering and Applied Science. But the mem- 
ory lingers on, and in our graduate research 
laboratories there continues to be a dispropor- 
tionately large amount of analysis, compared to 
the rather modest activity in synthesis — the real 
essence of engineering. 

Three influences are at work that should 
redress this imbalance. The first is the position 
taken by the Science Council of Canada, in 
coming out strongly on the side of “mission- 
oriented” research — research with a foreseeable 
impact on problems of special relevance to Can- 
ada. The second is the adoption by the National 
Research Council of a more pragmatic role, 
which now takes into account the large task 
force of engineering research directors and gra- 
duate students. Finally, there is the industry/ 
university interaction, which is exhibiting slow 
but reassuring growth as mutual confidence 
develops. It is becoming more widely appre- 
ciated that there cannot be a single research 
policy for science and engineering. Scientific 
research should have as its aim the contribu- 
tion to knowledge, while the motivation for 
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engineering research must be the application 
of known principles to the improvement of 
the quality of life. Traditionally, support for 
research has been based on confidence in the 
individual investigator, and this is appropriate 
for scientific Research. Engineering research 
demands project support; now, this is available 
as negotiated development grants. 

In .several areas of engineering research there 
are manifestations of an increa.se in activity 
undertaken in response to social needs. At the 
University of Western Ontario a good beginning 
has been made in the interdisciplinary area of 
bio>engineering, in structural aerodynamics and 
in electrostatics. Waterloo has a vigorous effort 
under way in management science and transpor- 
tation, while Guelpli is quite properly continu- 
ing to emphasize agricultural engineering. At 
the University of Toronto, the Institute for 
Aerospace Studies has earned for itself a fine 
international reputation, the industrial engi- 
neering department is widely known for its 
involvement in operations research, and real 
distinction is being achieved in bio-medical elec- 
tronics. McMaster has a growing reputation in 
the area of industrial simulation and optimiza- 
tion, its Institute for Materials Research is well 
established, and there is a new graduate program 
in production engineering. At Queen's, the pro- 
gram in mineral engineering continues to grow, 
while a new Institute of Guided Ground Trans- 
port has found substantial financial backing. It 
is encouraging to note that this list has no dis- 
turbing redundancies — with such a distribution 
of interest the prospect is good for building on 
strength. It is a trend that should be followed, 
in order that a pattern may be developed that 
avoids any duplication of effort. 

At this point it is appropriate to try and 
identify areas of endeavour that appear to be 
receiving too little attention when one considers 
the social needs of this decade. Certainly, a grow- 
ing proportion of engineers should devote their 
careers to the reclamation and proper mainte- 
nance of our environment. Now that most engi- 
neering schools are developing programs in some 
aspect of ecological engineering, a conscious 
attempt should be made to coordinate efforts 
and thus ensure that they are complementary. 

One area in which engineers have achieved 
distinction is the development of techniques of 
analysis and simulation of complex, interacting, 
articulated systems. Originally, these systems 
were physical in nature -- processes, circuits and 
vehicles. As techniques improved, studies were 
undertaken of the collation and analysis of 
information, computation and decision-making; 
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and the interface between technological and 
social systems was crossed. 

At the present time there is considerable scope 
for engineering research in areas which are parti- 
cularly susceptible to the techniques of systems 
analysis and synthesis, such as: 

(1) Urban planning and engineering. 

(2) Building systems engineering, involving 
construction strategies, air handling, mate- 
rials and personnel logistics. 

(3) Design of airports and the ground transpor- 
tation systems for the air industry. Canada's 
federal transportation mandate offers a 
favourable environment for this expertise 
to become an international commodity. 

(4) Studies in the health care delivery systems 
of Ontario. 

While it may not be feasible to cover all pos- 
sible research areas, there are several others 
which appear to offer a particular opportunity 
at this time. For example: 

(1) Instrumentation (including avionics) could 
be an important area of specialization in 
Ontario.* 

(2) Illumination and acoustics. These are 
neglected areas; there is virtually no illumi- 
nation research under way, and the prob- 
lems created by acoustic pollution require 
immediate study. 

(3) Cost and value engineering (including 
maintainability, reliability, quality con- 
trol) . Many industries requir ; this type of 
expertise more urgently than technological 
help. 

The study group has concluded that while a 
disproportionate amount of analytical research 
continues to be carried on in the Ontario engi- 
neering schools, an orientation towards social 
need is under way. As yet, there is no serious 
overlap of effort, but care must be exercised to 
prevent this from occurring. To date, direct 
industrial interaction with the engineering 
research programs has been rather minor in 
scope, but it does show signs of increasing. 

INDUSTRIAL INVOLVEMENT IN 
UNIVERSITY ENGINEERING RESEARCH 

The academic community is far from unani- 
mous in the belief that their work should involve 
a direct outreach into society. Many still hold 

U. J. Green, Aeronautics: Highway to the Future, Special Study No. 12, 
Science Council of Canada, 1970, p. 90. 
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firmly to the tenet that the university's i ole is to 
educate and to add to the world's store c f knowl- 
edge, leaving the area of action to governments. 
The proponents of this viewpoint contend that 
such an aloof position is essential to the main- 
tenance of the academic integrity of the institu- 
tion. Those in the opposite camp point out that 
within our universities there is a large and 
diverse pool of knowledge and expertise accu- 
mulated at public expense, and that such insti- 
tutions represent a unique resource for the 
assessment of social needs and the development 
of techniques to satisfy them. Most engineering 
faculty members appear to share the view that 
there is an obligation to use these resources for 
direct involvement in the larger community. 
Weisskopf and Smith have taken this stand; 

In the past, the universities have educated. 

The governments have acted. This complete 
division is no longer appropriate. Civilization 
has become so complex and its problems so 
enormous that the universities must be will- 
ing to a considerable extent to take on mis- 
sions. There is simply not time to give out 
basic research data and hope that it will be 
intelligently applied. The university must 
assume a portion of the leadership in direct- 
ing itself to specific problems.2 

Since engineering must be the bridge between 
science and society, it is appropriate to look 
for university/industry interaction through the 
medium of the engineering school.^ In Canada, 
despite a prodigious outpouring of rhetoric on 
the virtues of such an alliance, the results have 
been modest in the extreme. Today, university/ 
government interaction is flourishing, as are the 
incentive programs provided by government to 
stimulate industrial innovation. It is the third 
side of the triangle that remains to be drawn 
with a firm hand. Even mature organizations 
such as the Institute for Aerospace Studies derive 
only token support from industry.^ 

It is inappropriate here to make a detailed 
appraisal of the failure to achieve vigorous 
cooperation in research between engineering 
faculties and industry. One of its symptoms has 

Wictor Weisskopf and Gregory Smith, Public Policy, Public Opinion, 
and the University, reported in the Review Panel of the Special Labora- 
tories of the Massachusetts Institute of Technology. 

’Dr. Fred Terman underlined this opinion in his report Engineering 
Educotion in New York, published in 1969: ''Experience at M.I.T., 
Stanford, Cal. Tech., and elsewhere shows that the largest part of the 
coupling that exists between a university and its surrounding industrial 
environment normally comes through the engineering rather than the 
science departments. This is not to imply that science departments make 
no contribution, or that science isn't important to technology-oriented 
industry. Rather, it simply recognizes the fact that it is ordinarily the 
engineer who transforms a raw idea of science or technology into a 
product that is useful, practical and reliable. The engineer is t^ius the 
person most frequently at the point of contact between educauon and 
industry.** 

Kjrecn, Aeronautics: Highway to the Future. 



been the frequent deterioration of cooperative 
activity into a patron/inendicant relationship, 
with the university invariably cast in the role of 
mendicant. Recently, however, several schools 
have discovered they can achieve successful liai- 
son through the medium of contracted research: 
a system that works well because the ground 
rules are easily understood. Three universities 
-- McMaster, Waterloo, and Windsor — have 
establishjsd Industrial Research Institutes to 
carry out industrial research contracts, while 
other faculties of engineering have developed 
research companies, such as Chemical Engineer- 
ing Research Consultants at the University of 
Toronto. The Industrial Research Institutes 
received seed money from the federal govern- 
ment, as well as financial support from univer- 
sity budgets. Other universities have applied for 
federal support to develop similar institutes. 

This activity brings with it such special prob- 
lems as the following: 

(1) Local resistance on campus. There will be 
those within the campus who express a real 
concern over the fear that contract research 
distracts professors from their primary 
duties and may depreciate the quality of 
engineering research programs. 

(2) The necessity of developing faculty confi- 
dence. It takes time for faculty members to 
decide on the admissibility of working with- 
in the institute rather than as a private 
consultant. Conversely, as the scope of acti- 
vity develops, the Institute needs time to 
identify those faculty members who, as 
consultants, will be skilful, reliable and 
punctual. 

(3) Resistance by the university community on 
the ground that restrictions relating to pub- 
lication cannot be tolerated. A rule for such 
institutes must be that graduate students 
are not employed on projects of a propri- 
etary nature, if the work is to form part of 
the requirement for their degree. 

(4) Resistance by the Ontario Research Foun- 
dation on the grounds of direct competi- 
tion. The validity of this concern depends 
on whether or not the university does have 
a role of service beyond those of teaching 
and research. 

(5) Concern by private consultants based on the 
fear of subsidized competition. Care should 
be exercised to undertake projects of a 
special character for which the university 
has a special competence. 
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(6) General concern about the propriety of 
professors acting as consultants. This is 
relevant to the general policy relating to 
consulting by university faculty, and is dis- 
cussed in the final section of this chapter. 

Despite these concerns, industrial research 
contracts worth more than $3 million were nego- 
tiated and executed in the Ontario engineering 
schools over the period 1967-1970. This repre- 
sents a sharp increase in such activity, and indi- 
cates that the contracted research project may be 
a vehicle for successful cooperation. Now that 
this scheme is proving to be effective, it is 
reasonable to anticipate that university outreach 
will grow in volume and in scope. The impor- 
tance of such activity is brought to the fore in 
periods of financial stringency such as the one 
being experienced at the present time, when the 
size of industrial research and development staffs 
are held to existing levels. 

INTER-UNIVERSITY COOPERATION 

A good deal of informal cooperation among 
universities has taken place in the sharing of 
expensive research facilities. Arrangements such 
as the one developed by Toronto and McMaster 
for the operation of a high-frequency nuclear 
magnetic resonance spectrometer have worked 
admirably and should be emulated where other 
neighbouring schools have coincident require- 
ments. 

There seems to be less cooperation in the 
development of research programs where each 
participating campus could fufil a specific role. 
One such joint effort is the recent proposal for 
a negotiated development grant for communica- 
tions research to be undertaken at Carleton and 
Queen's — although one wonders at the exclu- 
sion of the University of Ottawa. 

In considering the opportunities for coopera- 
tion in research activity, the study group was 
struck by the unique situation that exists in the 
Ottawa area where two engineering faculties are 
separated by a distance of less than four miles, 
each below “critical size", yet each with its parti- 
cular character. Surrounding them is the most 
concentrated research effort in the country — the 
National Research Council, Department of 
Energy, Mines and Resources, Defence Research 
Board, Department of Agriculture and Bell- 
Northern Research. In Chapter 4 we have sug- 
gested that it is a natural locale for a talk-back 
television system as an experiment in part-time 
graduate studies. Furthermore, we shall recom- 
mend that the combined educational role of these 
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two schools should be that of Information Systems 
Engineering which could include such a broad 
spectrum of activity as instrumentation and con- 
trol, microwave systems, remote sensing, com- 
munication, optical engineering, avionics and 
antenna systems. It is a natural extrapolation to 
recommend that the research role of these neigh- 
bouring faculties should be a joint one, since it 
provides a unique opportunity to exploit the 
coalescence of skills and faculties. 

ENGINEERING RESEARCH 
EXPENDITURE 

It is difficult to form a reasoned viewpoint on 
whether or not research expenditure is appro- 
priate to the needs of the economy, and whether 
present financial commitment to research is 
justifiable when considered as a proportion of 
the total expenditure on engineering education. 
It has come to be recognized that comparisons 
with other countries are not very informative, 
and that the gross national product is a poor 
indicator of the goals for an industrial nation. 
Probably one is not even justified in attempting 
to draw conclusions from the expenditures in 
the different areas of engineering research, since 
some forms of such endeavour are much more 
expensive than others. Today, more money is 
available for engineering research than at any 
time in the past. Indeed, sufficient funding is 
available to look after all of the really worth- 
while engineering research in the universities of 
the province, although its distribution may be 
somewhat uneven. 

Table 5-1 represents the total research grants 
made by all agencies for the support of projects 
and the salaries of some of the research person- 
nel (graduate students, post-doctoral fellows, 
and technicians) . 



Table 5-1 

Research Grants in Ontario Faculties of 
Engineering 



University 


1968-69 


Total Grants ($000) 

1969-70 Two-year-Total 


Carleton 


194 


229 


423 


Guelph 


210 


210 


420 


McMaster 


774 


1,153 


1,927 


Ottawa 


209 


261 


470 


Queen's 


765 


615 


1,380 


Toronto 


2,150 


2,541 


4,691 


Waterloo 


1,333 


1,782 


3,115 


Western 


517 


391 


908 


Windsor 


294 


391 


685 




6,446 


7,573 


14,019 
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The figures given above do not represent the 
full cost of research programs, for most univer- 
sities make substantial budget allocations for 
special research projects and for the mainte- 
nance of graduate student stipends. Income from 
the Province of Ontario, based upon the formula 
for graduate student enrolment in engineering, 
was $10,166,000 for 1968-69 and approximately 
$11,500,000 in 1969-70. Thus, a rough estimate 
of the cost of graduate studies and research in 
engineering in the last two complete academic 
years was $16.6 million and $19.1 million 
respectively. 

The most important activity in our graduate 
schools should be the extension of the skills of 
students — assuming, of course, that they will 
have the opportunity to practise these skills. 
Over the past five years, substantial numbers of 
master's degrees have been awarded, while the 
number of doctorates doubled between 1965 and 
1969. (Appendix B, Tables B-8, B-9) . At the 
present time, a large number of Ph.D. candidates 
are enrolled, which means a rising number of 
Ph.D. graduates through 1973. It is because of 
the prospect of a considerable over-supply in 
matching Ph.D. graduates with appropriate 
employment opportunities that we have recom- 
mended a curtailment in programs at the doc- 
toral level. 

An indication of the yields from research 
programs is given in Tables 5-2 and 5-3, which 
summarize these efforts on the basis of both 
faculty and research subject. The average rate of 
publication per professor is a little over one 
reviewed paper a year, although it does vary 
widely from institution to institution, from a 
single publication every two years to* two papers 
a year. It would be hazardous to draw any con- 
clusions from this difference, except to suspect 
that the lowest figure reflects an underdeveloped 
research program, while the highest figure may 
indicate that the undergraduate program is 
receiving insufficient attention. 

Though filing of patents is not a primary aim 
for a faculty of engineering, it does give some 
indication of the relevance of research to indus- 
try. Over the past two years the number of 
patents granted has shown an increase, possibly 
as the result of a swing towards mission-oriented 
research. The present total for all schools in 
Ontario is about 50 patents a year. Our data do 
not include an estimate of the income derived 
from them. 

Probably, it is impossible to decide whether 
or not the present intensity of research is appro- 
priate to the Ontario university scene — such 



a cost/benefit analysis is too sophisticated for 
this rtudy. Indeed, it is unlikely that s^ich an 
evaluation could be applied with any confidence. 
However, our recommended curtailment of 
Ph.D. programs should not be interpreted as a 
suggestion that university research effort is too 
extensive; it is based solely on the supply of 
students and the demand for their services fol- 
lowing graduation. The present scale of research 
effort appears to be appropriate, particularly in 
view of industrial retrenchment. This level 
should be maintained by the natural growth of 
enrolment in master's programs, and by making 
greater use of technicians and post-doctoral fel- 
lows. Therefore, some of the savings realized 
from curtailment of doctoral studies must be 
made available for these other purposes. 

BALANCE OF EFFORT: TEACHING, 
RESEARCH AND CONSULTING 

The essence of engineering is the integration 
of the principles of science into the solution 
of practical problems confronting our society. 
Members of such faculties have a particular 
obligation to keep abreast of the changing scene 
and of techniques being developed by industry, 
in addition to their traditional responsibilities 
for teaching and research. This can be accom- 
plished by sabbaticals in industry, by setting up 
a satellite campus on an industrial site and by 
providing professional consultation. To date, 
industrial sabbaticals have been relatively rare, 
although the reports on them are enthusiastic. 
In order to stimulate this kind of interchange, 
the National Research Council is giving con- 
sideration to implementing Senior Industrial 
Fellowships tenable in industry, where the 
holder need not restrict his work to research and 
development activity. The intent is to extend 
university/industry interaction beyond the lab- 
oratory or pilot plant. 

Since the experiment of a satellite campus has 
yet to be tried in Ontario, consulting activity is 
still the most important vehicle for university/ 
industry interaction. All universities should have 
definite regulations on consulting by faculty 
members, and most campuses in Ontario already 
do. In the absence of a clearly stated policy, the 
academic program can become relegated to a 
{X)sition of secondary importance. 

There are three long-standing criticisms of 
the practice of consulting by university faculty 
members. The first has been noted above; the 
second is the realization that an individual may 
derive extra income by diverting some of his 
effort away from the specific tasks for which he 
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was engaged. Third is the concern that a profes- 
sor may be providing unfair competition for the 
private consultant who must sustain the full cost 
or overhead in carrying on his practice. While 
such criticisms are valid, nevertheless there are 
significant advantages to be gained for a uni- 
versity from encouraging faculty consulting. An 
intimate knowledge of current industrial prac- 
tice adds to the teacher's sense of topicality. 
There are many examples (although rare in 
Canada) of entire industries which have been 
established and are flourishing as a result of 
industry/professor interaction. At the present 
stage of Canada's technological development, 
with the preponderance of ‘‘high technologists" 
working in the universities, such institutions 
provide industry with a skill resource that would 
otherwise not be attainable. For these reasons, 
we believe the engineering faculties of Ontario 
should encourage faculty consulting, within the 
terms of an acceptable policy. Usually this speci- 
fies that 40 to 50 days should be the maximum 
time devoted to consulting in any one year. The 
study group favours the lower figure. 

The evolution of the schools of engineering 
has taken place during -a period of vigorous aca- 



demic expansion and technological change. This 
has resulted in heavy emphasis on the research 
skills of university teachers, so that by 1970 the 
total research effort is substantial, quite appro- 
priate in size to the extent and nature of the 
system. However, although there i^ room for con- 
cern that too much of this research still lacks rele- 
vance to national needs, present funding is suffi- 
cient to finance all of the worthwhile work now 
under way. As research programs mature, centres 
of excellence have begun to appear, each with 
special reference to certain facets of Cana- 
dian needs, and industrial involvement is devel- 
oping, albeit ^till too slowly. As can be seen ) 
from Appendix E, the assembly of capital facili- 
ties and equipment has been substantial, so there 
is an adequate base from which to proceed into 
the 1970s. 

This build-up of research capability has been 
accomplished in part at the expense of the under- 
graduate program. Now that it has achieved 
critical size, attention should be directed toward 
experiments in educational technology and inno- . 
vation in undergraduate education. Research can ; 
assume its appropriate significance as an integral 
part of the system. 






Table 5-2 

Areas of Research Effort in Ontario Faculties of Engineering 



UNIVERSITY 


No. of Faculty 
(1969-70) 


Graduate Students 
(1969-70) 
Full-time 
Equivalent 


Master's 

Degrees 

1967*69 

1968-69 


Ph.D. Degrees 

1967- 68 

1968- 69 


Research 

Support 

1969-70 

($000) 


Publications 

1967- 68 

1968- 69 


Patents 

1967- 68 

1968- 69 


1. Carleton 


35 


115 


27 


6 


229 


35 


3 


2. Guelph 


30 


23 


28 


1 


210 


30 


2 


3. McMaster 


61 


184 


75 


16 


1,153 


260 


6 


4. Ottawa 


39 


156 


34 


9 


261 


103 


3 


5. Queen's 


92 


168 


58 


11 


615 


124 


6 


6. Toronto 


200 


625 


294 


57 


2,541 


595 


58 


7. Waterloo 


164 


456 


202 


42 


1,784 


473 


3 


8. Western 


39 


79 


45 


1 


391 


72 


12 


9. Windsor 


48 


87 


49 


3 


389 


65 


3 


TOTALS 


708 


1,893 


812 


146 


7,573 


1,757 


96 
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Table 

Engineering Research in Ontario Universities 



(1969*70) Master's Ph.D. Degrees Research Publications Patents 

No. of Grad, Degrees 1967*68 Support 



CATEGORY Students 

1. Acoustics 4 

2. Aerodynamics 1 24 

3. Antennas II 

4. Applied Physical Chemistry (misc ) 35 

5. Bio-engineering 27.5 

6. Bio-medical Engineering 29 

7. Ceramics 7 

8. Chemical Kinetics and Reactor Design 46 

9. Circuit Theory 0 

10. Communications Technology 58.5 

11. Computer Hardware 61 

12. Control Systems 99 

13. Corrosion, Electrochemistry 3 

14. Design and Production 3.3 

15. Dynamics and Stability 19 

16. Ecological Engineering 72 

17. Electrostatics II 

1 8. Energy Conversion 1 5 

19. Engineering Management 

20. Extractive Metallurgy 62 

21. Fluid Dynamics 78 

22. Geotechnical 58 

23. Heat and Mass Transfer 82 

24. Hydrolo^ 50 

25. Information Systems 4.3 

26. Materials Handling 39 

27. Material Research (general) 35.2 

28. Microwaves 

29. Mining and Mineral Processing 21.5 

30. Nuclear Engineering 10 

31. Ocean Engineering 16 

32. Operations Research 34.5 

33. Optics 3 

34. Physical Metallurgy 58.5 

35. Plasma Technology 19 

36. Polymer Technology 38 

37. Power Transmission and Distribution 66.2 

38. Proce^ss Design and Simulation 24 

39. Solid Body and Continuum Mechanics 158 

40. Solid State 64 

41. Stress Analysis and Structural Design 172 

42. Surveying and Mapping 8 

43. Systems Analysis and Design 42 

44. Thermodynamics 49.5 

45. Transportation Systems 45.3 

Totals* 1,893 



1967- 68 

1968- 69 


1968-69 


1969-70 

($000) 


1967- 68 

1968- 69 


J967-68 

1968-69 


6 


0 


5 


1 


0 


51 


11 


879 


82 


4 


3 


1 


27 


5 


0 


10 


9 


204 


46 


9 


21 


2 


88 


39 


1 


11 


3 


120 


28 


2 


0 


0 


30 


19 


0 


12 


4 


159 


60 


3 


1 


0 


5 


5 


0 


30 


3 


203 


55 


5 


24 


3 


123 


19 


2 


53 


3 


206 


78 


0 


1 


0 


3 


1 


0 


11 


1 


92 


24 


1 


6 


1 


58 


18 


0 


42 


1 


450 


54 


6 


7 


1 


85 


8 


7 


5 


1 


57 


9 


0 


23 


6 


461 


106 


5 


36 


15 


407 


87 


5 


34 


6 


242 


56 


10 


30 


8 


279 


89 


1 


21 


1 


no 


32 


0 


2 


0 


4 


0 


0 


14 


3 


181 


46 


2 


17 


3 


175 


61 


3 


11 


0 


50 


18 


0 


0 


0 


35 


16 


0 


5 


3 


100 


16 


1 


15 


4 


69 


22 


0 


0 


0 


42 


O 


0 


30 


5 


528 


148 


6 


8 


5 


139 


32 


2 


14 


1 


225 


92 


9 


27 


7 


195 


65 


6 


10 


4 


120 


61 


0 


45.1 


3 


284 


47 


0 


24 


2 


226 


52 


3 


91 


17 


462 


95 


0 


5 


0 


65 


6 


1 


26 


9 


81.5 


22 


1 


12 


4 


210 


39 


0 


17 


2 


156 


21 


0 


811 


152 


7,640.5 


1,822 


95 



a There are discrepancies between Tables 5*2 and 5-3, presumably because of overlapping helds of research interest. 
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THE PROFESSORS 



In 1969-70, the 721 faculty members of engi- 
neering schools in the provincially-assisted uni- 
versities were distributed as follows: 

Table 6-1 



Faculty Members 



University 


Number 


Carleton 


35« 


Guelph 


30 


Lakehead 


9 


Lauren tian 


4 


McMaster 


61 


Ottawa 


39 


Queen's 


92 


Toronto 


200 


Waterloo 


164 


Western • 


39 


Windsor 


48 


* Exclusive of part-time faculty. 
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Since it is impossible to compose a verbal com- 
posite picture of this group, the relevant infor- 
mation on our professors of engineering is 
presented in histo^ain form in Appendix F. It 
shows that 519 (72%) of these university teach- 
ers hold Ph.D. degrees, 144 (20%) hold master's 
degrees, and 58 (8%) hold only bachelor's 
degrees. Me Master has the highest proportion of 
faculty with doctoral degrees (92%) and 
Guelph the Iciwest at 25% . An examination of the 
disciplines shows that metallurgy and materials 
sciences have the highest proportions of f.iculty 
holding Ph.D.'s. 

Even though nine scho 'Is are relatively new, 
the age distribution of the group is broader than 
might be expected. The median is 38 years, with 
metallurgical engineering having the highest 
average of 43 years, and civil engineering the 
lowest, 33 years. 



ERLC 



The rouiitry of birth for the engineering 



faculty i% as follows; 

Canada — 48% 

Cnited Slates — 4 

United Kingdom — 10 

Other — 32 



riie two northeiii schools. I.aiirentiaii and 
l.al.cbead. base the highest propoiiioii ol Ciaii* 
adian'hoin faculty, with 7a% and ^>0% respec- 
tively. while Ottawa has the lowest, with 28%. 

An indication of the development of Canadian 
engineering ediic.ition is given by the proper- 
tions of the origins ol lacnity degrees: 



University of Torontc) — 21% 

Other Canadian Universities — 22 

United States — 20 

United Kingdom — 23 

Other — 8 



A possible reason for the sameness of the Ontario 
engineering schools is that the ^biiversity of 
, Toronto has edncatc^d siuh a large percentage 
of the province's enginerring professors. Guelph 
has the liighc^st proportion of Canadian-ednrated 
professors (30%) , while Western has the lowest 
(.3.3%). The biglu^st proportion of Canadian 
advanced dc*grcc*s is in clieiuic.d engineering 
(4.3%), and the |ouc*st in civil engineering 
(.3f)%). 



As nientionc^cl cMi liei in this report (pages 21 
and 2.3). there h.i\e bcc‘ii frequent expressions 
of concern over tlie background oIjMofessional 
experience beyond the university. T^liis is given 
for the prenime as a whole in 'Fable d*2. 

Tabhr>.2 



^*l .\R^cn I^RO I >MC)VAI. I^R-Scru i " AMONC. 

MiMiirRs Ol Om akic) rACl.’u ir.s 
Ol FvcaMiRivc; 






t'f Toul Faculty Population 



0 


15 


1 


8 


2 


12 


3 


8 


4 


9 


5 


6 


6. 10 


18 


1M5 


13 


16-20 


5 


Over 20 


6, 



r.8% 



• 12 % 



a Industry or other, not including academic or leachinM ekperienct 

Tlie extremes in this cemipilatiem are repre* 
seiited by the University of Toronto, where 
45.5% of the faculty liave more than five years' 
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industrial experience, and MeMaster. selicrc the 
c cyrrcspoiicling figure is .32.8% . 

It is most ini|x)rtant that considerable teach- 
ing expertise a^rmnnlate within the system. The 
avcTagc figures for Ontario at the present time 
arc shown in Table ()-.3. 

Table fi-.3 

Ol 'I’l .\( IIINc; I'xlM RlKNcr IN O.MARIO 
Fac:ui;i n:s ol E.NcnNKKRiNc; 



S I'.irs 



of Total Fnciilty Poptilation 



0 

1 

2 

.3 

4 

.^1 

r>-io 

11-15 
15-20 
Over 20 




43% 



.57%^ 



It can be seen lliat the range of teiaching 
experience is wide — at MeMaster 0.j..5% have 
more than five years, while for Caricton the cor- 
responcling figure is only .31. .5%, with the pro- 
vinc iai inecliaii being 7 ye.irs. 

Faculty mobility appears to be fairly high. 
(il% of lilt professors liaviiig been members of 
llieir present faculty for less than five years. At 
Toronto .')0% of the faculty have more than five 
years' service there, while at Caricton 83% 
have been there fewer than five years. 

As has been noted elsewhere in this report, 
the eclm ational pren css is closely linked with the 
professicnial aspects of engineering. Much of the 
indivicluars professional inclortrination begins in 
miiversity, and tlierelore it is of interest to see 
the extent to which faculty nieinbers arc regis- 
tered professional engineers. The figures show a 
wide variation from discipline to discipline 
and from university to university — as revealed in 
Table (i-4. 



Table li-4 



Pr.Rc;FM Ac;r. or FAcn.i v Wiio .Vur 
Rrcisi F.RF.I) PrOI FSSIONAL EnCINFFRS 



Disi'ipiine 



PrnviriL'ial 

Averaite 


llitthcsl 




I.OMkC>l 











Cliemical 

Civil 

Electrical 

Mechanical 

Metallurgical 

Industrial 



45 Toronto: 
85 Windsor: 
56 Western: 
60 Toronto: 
47 Windsor: 
27 Toronto: 



85 Western: 14 

100 Ottawa: 75 

83 W.iterloo: 38 
78 Waterloo: 43 
80 MeMaster- 20 
42 Windsor: 0 
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It registriition as n professional engineer can 
be taken as an indication of professionalism, 
then roKinto has the highest iMVolvcinciit with 
73% of its faculty on the roll. At the other end 
is Watciloi with only 40% irgistered. The pro- 
' incial average is .59% . It dc es seem strange that 
indirstrial engineering is the one having the least 
pnifessional invoheiiient. The important aspec ts 
of professionalism — an acknowledgement of a 
code of prc^fessional ethics, the batkgioiind of 
Canadi^** technological history and of Canadian 
techne ..gical environment — aie not being 
treated in a serious fashion at most of the 
Ontario engineering schools. Few engineering 
calendars .show the designation P.Eng. in listing 
members of fac ulty. While it :.;all but impossible 
to teach professional attitudes otherwise than 
by example, the surprisingly low proportion of 
faculty .so registered does not pre.sent the best 
kind of professional image to the student. 

With the exception c>f Carleton, there are few 
adjunct appointments of private consultants or 
of engineers from industry, although the reports 
are enthusiastic where it has been tried. The 
study group believes this practice should be ex- 
cendeci and we adopt as our own the >*ecom- 



^0 



mendation in a joint university/industry study 
completed rec ently in Kiiglaiid: 

(6:1) feel that both universities and industries 
should recognize this activity as part of the career 
structure of their senior staff, and joint appointments 
should* he increased as far as possible. We would 
hope that in time there would be at least one joint 
appointment in each department, certainly in those 
relevant to industry.^^' 

Now that an opportunity foi coicsolidatioii is 
in prospect, it does seem appropriate that more 
attentio/) be devoted to the cievelopment of 
teaching excellence on the part of nicml)ers of 
faculty. If we are to enhance the educational 
experience of the undergraduate, more titne 
must l)e devoted not to produc ing yet another 
isolated course.* but to a continuing program 
of relevant nirriciilar design and pedagogical 
development. 

^ImhfAlry, Sriftu'e tm<i the Universities, Confcder.it ion ol' British Indus- 
try. London. July 1970, 

**’Some day soon, one of the Canadian uriversities will set up a course 
on the care and feedings of camels. And will the people who graduate 
in it I'O to the Midd:.‘ East? Don't be silly; they'll just tto to other 
Canadian univc’’'^'iies and set un courses there on the care and feeding 
of camels. Graduates from these courses will yti to teach the subject 
in high chools ;uid community coileges, Evcntua.'ly Canada will have 
10.000 .ic.'redited camelologists. none of whom has ever seen a camel," 
Richard J. Needham in the Toronto Globe amt Mail, i^Jovember 17, 1970. 
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7 

THE PROFESSION 



The fundamental purpose of an engineering 
education is to prepare young people for entry 
into the profession. The relationship between 
the profession and educational institutions 
should be very close. Con<?equently, we have 
studied certain elements of the practice of engi- 
neering in order to develop recommendations 
related to universities concerning entrance into 
the profession, requalification and the accredi- 
tation of engineering programs. 

ENGINEERING AND SOCIETY 
A definition of engineering was set down for 
the firpt time in 1828 by the Institution of Civil 
Engineers in Great Britain. It was described as 
‘‘the art of directing the great sources of power 
in nature for the use and convenience of man.''^ 
More recent definitions have replaced the phrase 
“use and convenience of man“ with such words 
as “benefit of man“, where the word “benefit" 

'Charter of the Institution of Civil Engineers, 1828. 



implies not only use and ccuvenience, but also 
social responsibility. 

As we move into the 1970s, the profession of 
engineering finds itself in a vulnerable position 
brought on by the wave of social concern of 
young people, together with the accelerating 
erosion of our physical environment caused by a 
disregard for the consequences of technology. 
Today, engineering has an unappealing image 
for many young people as they turn from the 
physical to the social sciences or the humanities 
in a search for answers to questions about timeless 
values and the quality of life. 

Engineering is regarded by many as a profes- 
sion without a social conscience, but surely this 
is a paradox, since a profession cannot be worthy 
of the name if it has no social conscience. The 
interaction between engineering and society can 
be illustrated by a functional diagram (Fig. 7-1) . 
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Figure 7-1 - THE ENGINEERING PROFESSION AND SOCIETY 



The engineering profession is responsible to 
employers and clients for the creation, manage- 
ment or control of products and processes that 
influence and alter our physical environment. 
The result of its activity will be detected, mea- 
sured and evaluated by society in the form of 
public opinion. It is in this way that society 
holds the profession, the politician and the 
employer or client accountable for the effects of 
their actions, good or bad, on the physical 
environment. 

Engineering involves specialized knowledge 
and techniques, and because such activity affects 
the physical environment, the profession is regu- 
lated by law to protect the public against incom- 
petence and fraud. In Ontario, as in the other 
provinces of Canada, licensing and regulating 
powers have been provided through an Act of 
the Legislature, to permit the profession to exer- 
cise its powers, and to provide remedies against 
incompetent or dishonest practitioners.^ While 
no such Act is capable of regulating all engfineer- 
ing works, the public does hold the engineer 
accountable for socially undesirable action, and 
so it behooves the profession to minimize such 



>**The granting of self-government is a delegation of legislative a ;d 
judicial functions and can only be justilied as a safeguard to the public 
interest. The power is not conferred to give or reinforce a professional or 
occupational status.” Royal Commission Inquiry into Civil Rights. 
(Toronto: Queen’s Printer, 1968), Report No. 1., VoL 3., p. 1162. 
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action. Its public esteem, prestige and useful- 
ness will vary according to how well its mem- 
bers perform in this closed loop system. It is for 
such reasons that engineering is being held 
accountable for the despoiling of our physical 
environment. Of course, every profession is simi- 
larly accountable for its own related environ- 
ment “ medicine for the environment of health 
care and law for the civil environment. 

For the purposes of this study, the definition 
of engineering that will form the basis for many 
of the final recommendations is the following: 

“Engineering is a profession, responsible and 
accountable for man's physical environment, 
its management and control." 

Such responsibility and accountability must be 
shared with others, and therefore the definition 
is equivocal and meant only to serve the pur- 
poses of this study. 

ENTRANCE INTO THE PROFESSION 
For many years, the demand for engineers in 
Ontario has outstripped the local supply, and 
approximately one-third of the members of the 
profession have received their education in other 
countries. 

Many of these members graduated from insti- 
tutions or programs that are not recognized in 






Ontario. Others, from Canada and abroad, while 
ran possessing cn][jinecrin| 2 ; degrees, have sought 
professional status on the basis of their experi- 
ence and academic background acquired through 
sclf-slndy. A syllabus of entraiue examinations 
was established for such individiiaks, which is 
deemed to be equivalent to the baccalaureate 
standard from an accredited university program. 

Each candidate is a.s.se.s.sed, and a candidate's 
academic record may permit certain entrance 
examinations to be waived. Siuh a .system per- 
mits persons unable to enter or c cmiplete univer- 
sity to be a.sse.s.sed ol>jectively. It has provided a 
practical and just alternative for tho.se who 
would be shut out on gTounds other than failure 
to attain proper standards of competence. 

In recent years, the fdes of the A.ssociation of 
Profe.ssional Engineers of Ontario (APEO) have 
contained approximately 4,000 such applicants 
at any given time. Each year, about 25% drop 
out, to be replaced by an approximately equal 
number. This examination procedure is oper- 
ated annually by the APEC) at many centres 
throughout Ontario, in other provinces and even 
outside Canada. In 1970, a total of 732 candi- 
dates wrote 1,740 papers. Only 3% actually 
satisfy the requirements for entering the profes- 
sion, and in the main these are candidates pos- 
.sc.ssing degrees from non-accredited institutions. 

The extremely lc:>w number of succe.ssful candi- 
dates from the relatively large pool of applicants 
appears to confirm the conviction of academics 
that a university .setting provides a l)etter way to 
master a body of knowledge. One must conclude 
that a much higher .success rate would result 
from the completion of a formal course of study. 

Today, with universities spread throughout 
Ontario, it should be possible to offer under- 
graduate courses at times convenient for those 
employed full-time during normal working 
hours,^ In the past, attempts to provide such 
clas.ses have met with scant success because of a 
lack of numbers. The use of the new media, 

.such as television, would ease the programming 
problem by making it possible for such classes 
to be held off-campus. Furthermore, a proposed 
new program for requalificatiop should increase 
the size of classes in the more specialized 
subjects. 

Initially, the syllabus must be equated to 
specific undergraduate programs, and the suc- 
ce.ssful completion of such courses recognized as 
credit towards entry into the profession. Univer- 
sity admission standards, which are in effect a 

’In 1970-7I. the University of Toronto is offering part-time classes in its 
School of Extension for credit toward completion of the first year of 
engineering. 
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preliminary .screening, should lower the pre.sent 
attrition rate. 

While this procedure is being developed, it 
will be necessary to continue with the APEO 
entrance examinations, but the nmnbers of can- 
didates should decline as more and more indivi- 
duals turn to part-time studies provided by the 
universities. When the number of such courses 
availal)lc amounts to a complete engineering 
program, then universities (an offer a bachelor's 
degree to all candidates who successfully com- 
plete the syllabus. Under these circumstances, it 
would be practical for the profc.ssion to insi.st on 
an engineering bachelor’s degree from a recog- 
nized university, together with the requisite 
experience as a graduate engineer-in-training 
as the miniimmi standard for profe.ssional 
registration. 

It is recommended that: 

(7:1) the universities introduce part-time undergradu- 
ate studies as an acceptable alternative path to a 
recognized bachelor^s degree in engineering, and that 
when this scheme is fully operative, the present 
APEO examination system be terminated. 

Thus, any candidate will continue to have a 
route into the profe.ssion that could be followed 
without exce.ssive financial hard.ship. An APEO 
examination might still be required for special 
ca.ses in locations outside Ontario. 

In any .such plan, appropriate recognition 
.should be granted to the specialized three-year 
curriculum leading to a diploma in technology, 
offered by the CAATs. Elsewhere in this report 
(page 81) , a case has been made for a two-year 
full-time post-diploma degree course in engineer- 
ing. This would be made possible by altering the 
sequence of material to create a curriculum 
structured e.specially for CAAT diploma gradu- 
ates. Similarly, university admission require- 
ments for such students seeking entry into the 
profession through part-time studies should 
recognize certain material already covered in the 
CAAT diploma program. At the present time 
this is not done, and the diploma graduate 
usually enters at the level of the second year. 

The above plan would place the universities in 
a monopolistic position in determining whether 
or not a candidate has the academic qualifica- 
tions to enter the profession. However, the suc- 
cessful achievement of academic qualification 
should not be the only requirement for admis- 
sion into the profession. It is suggested that the 
applicant should acquire the equivalent of two 
years of acceptable engineering experience as 
a graduate engineer-in-training, during which 
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period he would be exposed to an environment 
that encourages the development of professional 
conscience, responsibility, maturity and judg- 
ment. If the profession is to disc:harge its respon- 
sibility» then it must be satisfied that the 
applicant will enter professional practice having 
due regard for the public interest. Each gradu- 
ate engineer-in-training should prepare a short, 
.structured dissertation on his experience, which, 
if sati.sfactory, would entitle him to sit for a 
rnial examination in professional practice to be 
set and adinini.stered by the profession. In this 
way, universities would not be the sole arbiter, 
and the profe.ssion would be satisfied that all its 
members have developed an awareness of their 
responsibilities and obligations as practising 
engineers. 

The recommended alterations in entrance 
requirements (page 7) will require the schedu- 
ling of “make-up classes” in the first veai. If this 
is coupled with the recommendation in regard 
to part-time degree studies, a convincing case 
can be made for offering engineering classes 
during the summer months — a time when many 
high school teachers are in university. Hence, it 
provides an ideal opportunity to involve them in 
technology-related subjects. Concern has been 
expres.sed over the fact that engineering has not 
been getting its story across to the high schools. 
It would be necessary to create special classes in 
technology for such teachers, but the resulting 
long-term benefits to the profession and society 
are indisputable. 

REQUALIFICATION 

Since accountability is the hallmark of any 
profession, surely there is reason for insisting 
that its members maintain and enhance their 
ability to account to society for their actions. 
The dynamism of tomorrow's technology will 
soon render today's techniques obsolete. The 
half-life of the content of the present engineering 
curriculum is no more than five years, ^ and so 
there is a compelling need for the continuing 
education of the engineer, together with a 
requalification process. In this way assurance can 
be given to those served by the profession that it 
intends to fulfil its obligation to society.^ 

*Allen B. Rosenstem, A Study of a Profession and Professional Educa- 
ffon. U.C.L.A.., School of Engineering and Applied Science. EDP 7-68, 
December 1968, Part II, p. II-ll, Appendix A. (The halMife of a 
curriculum is that period of time during which one-half of the initial 
content of the program will change.) 

*R^port of the Committee on the Healing Arts (Toronto: Queen's 
Printer, 1970). Recommendations 11 and 12, Vol. II, p. 81 — a program 
for ensuing continuing competence where, perhaps every five years, 
every physician in Ontario would be required to submit a certificate 
stating he has maintained a satisfactory level of competence; and a 
recommendation that Ontario faculties of medicine develop such a 
program. 
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For engineering, as for the other professions, 
this requalifiration process should come as 
rapidly as po.ssible. The profession's membership 
is large, with deeply rooted patterns and tradi- 
tions. Thus we arrive at a major interface 
between profe.ssion and university in that the 
latter .should play a significant role in any plan 
of reqnalification. 

One could insi.st that all members, without any 
exceptions, must requalify at periodic intervals. 
However, it would be more practical to estab- 
lish .specialist categories within the profe.ssion for 
which requalification is required, and then grad- , 
ually introduce limitations of practice within 
tlie.se categories. Members in the consulting 
sector should be the first to change because of 
their direct involvement with public works. 
Others would take a longer time and it may be 
that a whole new generation would join the pro- 
fession before universal requalification became 
accepted as the normal pattern. 

Traditionally, the success of an engineer hr.s 
depended on his knowledge of the physical 
sciences, mathematics and technology. With this 
background, and with experience, he can be 
given responsibility for engineering works. How- 
ever, we have maintained that the profession j 
carries with it the requirement of accountability: 
to be aware of the social consequences of engi- 
neering works. For this, one must develop sensi- : 
tivity towards social, psychological and political ; 
forces, and even aesthetics. The subjects dealing ! 
with such forces have formed the basis of the uni- 
versity arts curriculum, but here we are interested j 
in them only insofar as they pertain to the pro- 
fessions. Dr. Allen Rosenstein calls this aspect of ; 
these subjects the "applied humanities”.^ For 
the engineer of tomorrow, these will be as impor- 
tant and as necessary as his technical specialty. A 
lack of competence in either area will result in 
failure as a professional man or woman. 

We will show (page 49) that the majority of 
engineers move into occupations that are asso- 
ciated with either the control or management 
of the physical environment, but accountability 
is common to both. Competence should be 
demonstrated along these lines, and this could 
form the basis for a structured requalification 
program. Control relates to occupations involv- 
ing research, development, design or operation 'I 
(i.e. technology and science) ; management $ 
implies competence in areas such as economics, 
accounting, finance, marketing, production, and | 
the behavioural sciences. We recommend that: I 

^Rosenstein, Study of a Profession, II-ll. See ilso W. H. Davenport and 
J. p. Frankel. The Applied Humanitiest U.C.L.A. Department of 
Engineering. EDP 3-68, May 1968. 
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(7:2) periodic requalification (perhaps every five 
years) be initiated so as to require successful com- 
pletion of a course of study in either control or 
management, or a combination of these two, together 
with a structured program in applied humanities. 

The details are a matter for the profession to 
establish in close coordination with the educa- 
tional community — principally the universities, 
but also the CAATs and the professional soci- 
eties and associations. 

The graduate material of but a few years ago 
now is being taught in undergraduate classes. 
This downward drift of new knowledge has 
always existed, but in recent years it has moved 
into the secondary and even primary schools. 
Therefore, the demands on the universities in 
response to a program of requalification will be 
felt at both the graduate and the undergraduate 
levels. Again, this raises the matter of part- 
time studies, class programming and television 
instruction. Part-time graduate studies in engi- 
neering are presently available in several univer- 
sities, but the opportunity to do part-time work 
at the undergraduate level is virtually non- 
existent. Furthermore, the scheduling of classes 
to meet the needs of the practising engineer and 
aspiring entrants into the profession should 
create pressures to develop instruction by televi- 
sion at a more rapid rate, and could lead ulti- 
mately to the widespread use of electronic video 
recording. These matters should be the sub- 
ject of a detailed study conducted jointly by 
the practising profession and the engineering 
schools. 

The requalification of the engineering teach- 
er poses a different problem. The requirement 
is not so much the need to acquire new knowl- 
edge in his chosen field, which is part of his 
regular academic duties, but rather the main- 
tenance of a continuing awareness of the real 
world of engineering outside the university. 
Consulting and industrial sabbatical periods 
can be effective in achieving this aim, but a 
further opportunity exists. When a requalifica- 
tion program is under way, many of the classes 
could be in the form of open seminars so that 
there may be an exchange between senior engi- 
neers and the academic staff. In this way both 
groups benefit, and the teacher can gain a broad- 
er perspective on contemporary engineering 
practice. 

Today practising engineers, particularly the 
employee sector, find themselves in a dynam- 
ic environment where occupational mobility 
becomes the only alternative to obsolescence and 
unemployment. Continuing education, rein- 



forced by the requalification program, could 
remove the present barrier to mobility. Eco- 
nomic benefits, although not readily measurable, 
should be substantial, because this form of con- 
tinuing education would have the effect of more 
closely matching manpower resources and man- 
power needs, 

ACCREDITATION 

In Ontario, as elsewhere in Canada, most 
young people enter the profession after the suc- 
cessful completion of a recognized engineering 
program in a university, followed by a specified 
period of time spent as a graduate engineer-in- 
training, Accreditation is the procedure whereby 
an engineering program, faculty and facilities are 
recognized by the profession. It was first intro- 
duced on a national scale in the United States 
in the early lO.SOs by the Engineering Council 
for Professional Development (ECPD) . The 
impetus for accreditation at that time arose from 
a rapid proliferation of engineering schools with 
varying standards. It has gained steadily in pres- 
tige, so that today few institutions ignore it. The 
ECPD, which is not a licensing body, publishes 
a list of accredited curricula leading to first 
degrees as guidance for young people planning 
an engineering education in the United States. 

In Canada, accreditation has only been con- 
ducted by the licensing bodies. While accredita- 
tion in the United States is for a stated period of 
time, in Canada, until very recently, accredita- 
tion has not been limited in this manner. 

Accreditation in both countries involves sev- 
eral criteria, which entail aspects of both quality 
and character. These are: 

(1 ) curriculum content and its relevance to engi- 
neering practice, 

(2) teaching staff and teaching loads, 

(.S) physical facilities, including library, 

(4) administrative practices and arrangements. 

The (Canadian Council of Professional Engi- 
neers, a national agency coordinating the eleven 
provincial and territorial constituent organiza- 
tions, formed the Canadian Accreditation Board 
(CAB) in 1965. One of its stated objects is to 
'‘make a complete re-assessment of all accredited 
curricula at regular intervals to be established 
by the Board, but not exceeding five years*'. This 
in in sharp contrast to the traditional practices of 
the constituent organizations by which accredi- 
tation, once granted, was never repeated. 

The Ontario Accreditation Committee of 
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APEO carries the responsibility for accrediting 
engineering programs to be recognized by APEO 
for registration purposes. This committee may 
be replaced by CAB, leaving a single national 
body to deal with accreditation. 

There are four issues relating to accreditation, 
as they apply to engineering education and the 
recommendations of this report: 

(1) accreditation of new programs being intro- 
duced in various universities, 

(2) periodic accreditation of existing programs, 

(3) accreditation of classes in continuing educa- 
tion programsdesigned to lead to registration. 

(4) accreditation of classes and programs 
designed for requalification. 

1 .Accreditation of New Programs 

Both the Ontario Department of University 
Affairs and the Committee of Presidents of Uni- 
versities of Ontario (CPUO) are concerned 
about the proliferation of new programs. The 
Ontario Council of Graduate Studies (OCGS) , 
an affilhte committee of CPUO, has developed 
an appraisal scheme for assessing the quality of 
new graduate programs proposed by Ontario 
universities. Similarly, appraisals are needed at 
the undergraduate level, not only to ensure 
quality, but also to control program prolifera- 
tion and — it is hoped — to effect more of a 
match with the need for new curricula to meet 
changing manpower requirements. The most 
appropriate group to conduct such evaluations 
would be the Committee of Ontario Deans of 
Engineering (CODE) . If CODE were to per- 
form this function, and if CAB were represented 
on the appraisal team, then its accreditation 
requirements on new programs could be 
satisfied. 

Therefore, it is recommended that: 

(7:3) CODE undertake the appraisal of proposed new 
undergraduate programs, using essentidly the same 
procedures employed by OCGS in regard to new 
graduate programs. Also, CODE should evaluate the 
need for each new program with respect to academic, 
cost and manpower considerations. In regard to such 
appraisal, CAB should participate so as to avoid 
unnecessary duplication and permit simultaneous 
accreditation. 

2. Periodic Accreditation of Existing Programs 

The universities maintain that the present 
accreditation system is not meaningful because 
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it applies only to the setting up of a new pro- 
gram. Furthermore, programs in existence when 
accreditation was introduced in Ontario have 
not been accredited. Now, because of changes 
that have occurred, both in relation to curricu- 
lum and to the resources available for such pro- 
grams, the profession should question the con- 
tinuing validity of any accreditation. CAB is 
faced with the task of reassessing current curri- 
cula, since original accreditation is to expire in 
November of this year. It is to be undertaken 
only at the request or with the consent of both 
the provincial association and the educational 
institution concerned. 

The question naturally arises: why should the 
universities respond to such requests? The 
answer is easy: if engineering, as a self-regulating 
profession, is responsible and accountable for 
man's physical environment, and if an engineer- 
ing education is to prepare young people to enter 
the profe.ssion, then there should be an obliga- 
tion on the part of educators to provide continu- 
ing assurance that their programs measure up to 
the needs of the profession. Moreover, in the 
past, accreditation has had a salutary effect on 
the enrolment patterns of several of the new 
engineering schools. Therefore, it is in the best 
interests of the universities to cooperate in mat- 
ters related to accreditation, particularly as the 
students will want some assurance that the 
programs they enter will be recognized by the 
profession. 

CPUO is beginning to develop data banks 
which could contain the quantitative informa- 
tion needed for re-accreditation. For engineer- 
ing, the logical focus for this activity is CODE. 
It is in a pc^sition to coordinate the generation 
of data in response to its own needs, consistent 
with the form compiled by CPUO. As the stock 
of data expands, the task of re-accreditation 
should become easier, and in the long run the 
teams visiting a university will only be required 
to make qualitative assessments. The problem 
posed by data bank privacy may arise, but this 
is a matter that can be settled between CODE, 
CPUO and CAB. Therefore, it is recommended 
that: 

(7:4) CAB re-accreditation, requested and/or 
approved by APEO, be coordinated through CODE, 
which ultimately should be in a position to provide 
the required quantitative data. 

3. Accreditation of Classes in Continuing 

Education 

We have recommended that classes in the part- 
time program of a university should relate 



directly to the syllabus of entrance examinations 
into the profession. This implies that the pro- 
fession will have to address itself to the problem 
of accepting specific classes as credit to\vards 
registration. When such a plan is in operation, 
CAB and the provincial accreditation commit- 
tees could be faced with a flood of detail on 
classes offered by each university. As an alterna- 
tive, it would appear reasonable to follow the 
pattern proposed for new programs, and subject 
each one to a modified appraisal procedure. This 
could be facilitated by the use of data bank and 
computer tcchnicpies, which would appear to be 
the only tractable way of coping with such a 
large amount of detail. Information on classes in 
continuing education programs could he coor- 
dinated and provided to the accrediting bodies 
by CODE. 

4. Accreditation of Reijiialifiaition Classes and 

Programs 

A similar argument applies for requalification 
classes. The accrediting bodies will face the 
problem; and again one solution would be the 
computer and data bank approach, with CODE 
coordinating the provision of necessary data to 
the accrediting bodies. further element is the 
accreditation of classes and programs offered by 
the CAATs and the professional societies and 
associations; but this is a matter that lies beyond 
the scope of this study. 

We have urged that there should be closer 
bonds between the educators and the profession. 



7 — The Profession 

It was distressing to discover that only 59% of 
the teachers of engineering in Ontario arc mem- 
bers of APEO (see page 30) . If < loser bonds are 
to develop, then this membership must approach 
100% in order to be meaningful. We would 
recommend that: 

(7:5) all engineers engaged in teaching in Ontario be 
registered members of the profession. 

Education should be a continuing process. To 
expect that the effort put into the acquiring of 
a degree will carry a person throughout his life 
is to ask that time stand still from the day he 
graduates. And yet this is what happens in the 
lives of too many practising engineers. Because 
()0% of them move into managerial occupations 
(see page 49) , it could be argued that continu- 
ing education in technical fields is not of first 
importance. But as managers, engineers are 
involved in decision-making — the basic ingre- 
dient of design — and so continuing education 
programs tailored for such engineers would take 
on special meaning in any requalification 
program. Ultimately, this could have a signi- 
ficant impact on the performance of Canadian 
industry. 

This practice, if applied universally, would 
renio\e the permanency of the degree which is 
beginning to lose significance and meaning in a 
world of rapid change. Periodic requalification 
will make engineering careers more demanding, 
but the ultimate effect will be to improve the 
calibre of the professional engineer and enhance 
his stature in the technological society of today. 
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INTRODUCIION 

At the beginning of Chapter 4, we suggested 
that there is a better than even chance that Jean 
will elect to enter the practice of his profession 
as soon as he receives his bachelor’s degree. 
Whether or not he returns to pursue graduate 
studies at some time in the future, Jean prob- 
ably will take a job in the industrial sector, in 
which 80% of all engineers in Canada work.* 
For this reason, we wish to examine the new 
environment facing Jean upon leaving univer- 
sity. This entails an analysis of the industrial 
attitude toward engineering graduates, and such 
considerations provide a background for specu- 
lation on future career patterns in engineering, 
and their implications with respect to the present 
engineering curricula. 

THE INDUSTRIAL ENVIRONMENT 
During his years as a student, Jean was judged 

'See Table 9-3. 
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on the basis of a value system that placed a high 
priority on academic ability. His survival in the 
educational milieu depended on his ability to 
prepare acceptable reports and to pass examina- 
tions and tests in order to demonstrate that he 
has mastered a certain body of knowledge. Now 
in industry, he will face a different value system, 
where he is expected to show qualities of 
motivation and leadership and where produc- 
tivity is measured in terms of performance in 
achieving the goals and objectives identified 
with his role in the organization. This can be 
an unsettling experience for many young people, 
especially if they have not been exposed to such 
an environment gradually — through either sum- 
mer employment or experience in a cooperative 
program. 

Since Jean is a typical young engineering 
graduate, his first job will be technical in nature 
— research, design, development or operations. 






As he progresses in his career, he will discover 
that his education has prepared him not only 
for work of •« technical nature but also for 
management where decision-making will be 
fundamental. But this is the essence of design -- 
an iterative decision-making process. The tech- 
nique of design develops characteristics that are 
common to the processes of management. If 
Jean displays qualities of leadership, a critical 
decision awaits him: whether to remain in tech- 
nical work or to move into supervision and 
management. Usually, this occurs for most young 
engineers about seven years after graduation, by 
which time Jean will have taken on family 
responsibilities. He may be torn between a desire 
to pursue technical interests and so develop a 
technical reputation, or to move into manage- 
ment where there is more certainty of increased 
remuneration and greater security, together with 
the prestige associated with such an occupation. 
Most engineers choose the latter alternative.^ 

Also, during those seven years, technology will 
have moved so swiftly that if Jean failed to avail 
himself of opportunities for continuing educa- 
tion, obsolescence will have set in. Thus, the 
management alternative looks more attractive, 
particularly when younger engineers are moving 
into the profession and posing a serious threat to 
the position of the more senior practitioners and 
their aging technology. (The introduction of a 
program of requalification, as suggested in Chap- 
ter 7, could change this picture.) 

What will Jean's decision be: to continue with 
his technical activity and gain an international 
reputation as a respected engineer, or to advance 
into the ranks of management or private entre- 
preneurship? We leave him at this point, for by 
this time Jean is well on the road to success, and 
with an education that should make it possible 
to find it on either road. 

A part of this study involved interviewing six- 
teen corporate employers of engineers and tech- 
nologists across Canada. This undertaking was a 
part of the manpower study to be described in 
Chapter 9, which gives an insight into the 
present industrial environment as it relates to 
the engineer. Most corporations tend to think 
of their engineers as potential managers, and 
several companies, principally in the primary 
industries, seek out engineers as their primary 
source of management material. It is now becom- 
ing common for companies to provide a parallel 
path so that an engineer can find an equal 
opportunity in either a technical or management 
occupation. Such a dual route, common in the 

>Sce Figures 9-1 and 9-2, 
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high-technology industries, tends to avoid the 
dilemma faced by many engineers when they 
reach the crossroads described above. However, 
engineers who exhibit strong qualities of leader- 
ship and who are highly motivated invariably 
end up in management. 

In engineering education, there is a tradi- 
tional idea that engineers are “problem-solvers". 
For industry, it would be more correct to say 
that engineers “face situations". The role of an 
engineer requires him to face situations in which 
he takes account of psychological, sociological, 
aesthetic and political factors as well as scientific 
and technological matters. In weighing all of 
them together, he formulates problems that are 
soluble and tractable. Today, it is the computer 
and supporting staff that effect solutions to prob- 
lems. Thus, the modern engineer requires more 
than traditional skills, and for success in the 
future he must have a basic knowledge and 
understanding of the applied humanities. 

There is yet another traditional idea that 
relates to the industrial environment: that engi- 
neers there are “employees" who obey orders 
given by employers to whom they should tug 
their forelock each morning. According to this 
view, an employee engineer should not aspire 
to the high ideals of his profession, but instead, 
must do as he is told. However, the industrial 
picture is changing. In the past, power was 
passed downward as those at the top gave orders 
and those below either carried them out or 
relayed them further down the line. For the 
future, decisions in a business enterprise will be 
the product not of an individual but of a group 
of individuals. The complexities of modern tech- 
nology, marketing, planning and organization 
have forced the creation of a mosaic of com- 
mittees which embrace all those who bring 
specialized knowledge, talent and experience 
to group decision-making. Galbraith calls this 
organization the technostructure. He maintains 
that “. . . nearly all powers — initiation, charac- 
ter of development, rejection or acceptance — 
are exercised deep in the company. It is not the 
managers who decide. Effective power of deci- 
sion is lodged deeply in the technical, planning 
and other specialized staff."^ Today, engineers 
permeate the technostructure of any technologic- 
ally-based industry in Canada and exercise 
a profound influence on corporate decision- 
making. Thus, professional responsibility in the 
context of Chapter 7 applies equally to the 
employee engineer and to those who are either 
managers or self-employed. 

^John Kenneth Galbraith, The New Industrial State (New York: 
Houghton Miffiin C, 1967), p. 69. 
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The role of the engineer in industry is chang- 
ing as he becomes far more productive than his 
predecessor. It is the computer that has made 
possible this expansion of his productive capac- 
ity, while supporting personnel have relieved 
him of many routine jobs, thus enabling him to 
work at a higher technical level. In interviews 
with engineering employers, it became evident 
that not all industries are learning how to use 
diploma technologists to the best advantage. In 
the sixteen firms surveyed, there were 43 tech- 
nologists for every 100 engineers; whereas in the 
United States in 1968 the corresponding figure 
was 55.^ In Canada these figures do vary from 
industry to industry; the engineer-technologist 
team is beginning to emerge as an efficient and 
productive unit. As more technologists become 
available and their values are recognized by an 
increasing number of industries, the produc- 
tivity of the engineer and his advancement in 
the firm will be accelerated. 

Companies with a heavy involvement in indus- 
trial research make little or no distinction 
between engineers and scientists. In such occu- 
pations the man's technical ability is of greater 
importance than his educational background. 
Most of these employers tend to pay little atten- 
tion to professional registration. The proportion 
of engineers in Canada working in research is 
less than 6% (see Table 9-5) . 

Industry expects its engineers to be versatile. 
The educational experience up to the bacca- 
laureate level has made some provision for this 
expectation, but graduate studies tend to create 
specialists whose versatility becomes oversha- 
dowed by strong personal interests and prefer- 
ences. The increased professional competence 
acquired at the master’s level usually outweighs 
any tendency toward .specialization, but the situ- 
ation can be quite different at the doctorate 
level. When a Ph.D. engineer enters a large firm 
he continues to work in a familiar environment, 
since research laboratories in such firms bear a 
striking similarity to those in universities. The 
new Ph.D. in a small firm usually experiences a 
severe .shock when its more limited resources 
rfiake it necessary for him to perform a much 
broader range of tasks. Often he must alter his 
priority of values in order to survive in this new 
milieu. For this rea.son, few doctorate engineers 
are to be found in small Canadian companies. 

This qualitative description of some aspects of 
the engineer's industrial environment sets the 
stage for an examination of how industry views 
the engineering educational process. 

^Engineering Manpower Commission of Engineers* Joint Council. 
Demand for Engineers and Technicians — 1968. 
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INDUSTRIAL ATTITUDES TOWARD 
ENGINEERING GRADUATES 

In a practical sense, universities perform two 
necessary functions for industry — sorting and 
training. The sorting process determines who is 
to enter engineering st:liool and who continue or 
to graduation, undertake graduate studies and 
receive advanced degrees. It involves both objec- 
tive and subjective judgments on the part of 
faculty members. Most undergraduate education 
and virtuall) all graduate work is occupational 
training. The attitude of employers to university 
graduates has been aptly summarized by Kershaw 
and Mood as follows:^ 

A prime attraction of the bachelor's degree to 
employers is the evidence it affords that the 
holder normally di.sciplines himself to carry 
out tasks somewhat conscientiously and on 
time no matter how irrelevant they may seem 
to be. That's why U.S. Steel does no*: mind 
hiring someone who majored in Finnish folk- 
lore. 

Industry relies on the university to perform 
these functions, and accepts the possession of an 
engineering degree as evidence that such sorting 
and training has been accomplished. But engi- 
neering is a multi-portal profession, and an indi- 
vidual may enter it without possessing any 
degree. This egalitarian attitude is not univer- 
sally accepted and many industrialists insist upon 
a degree as the proper ticket into management. 
Thus the non-degree engineer may find there is 
an upper limit to his advancement in the firm. As 
new avenues of post-secondary education devel- 
op, these barriers should disappear and com- 
panies will be forced to conduct the sorting 
hmetion more thoroughly themselves. 

Our survey of the sixteen Canadian companies 
disclosed — with the exception of research- 
oriented companies — an indifferent attitude 
towards a master's degree in engineering. Also 
there appeared to be a lessening of interest in 
engineers with a master's degree in business 
administration. In the words of one executive, 
“The M.B.A. expects to start too high, and is in 
too big a luirry to become vice-president.” 
However, companies engaged in consulting and 
construction expressed a continuing high regard 
for the engineer-M.B.A., and most companies 
believe it to be of particular value if preceded 
by some years of industrial experience. Canada's 
economic environment has not been conducive 
to growth in industrial research, and this is 
reflected in the low hiring rates of Ph.D.'s 

Uoseph A. Kershaw and Alex M. Mood. **Resource Allocation in 
Higher Education**, American Economic Review, May 1970, p. 341. 
(Sorting and training were two of six major outputs of higher education 
suggested by the Public Policy Research Organization. University of 
California. Irvine.) 





employed mainly to replace losses due to attri- 
tion. Canadian industry is not inclined to use 
PIi.D.^s in occupations outside the area of re- 
search and development. 

Industry appears to be reasonably satisfied with 
the present generation of engineering graduates. 
The advent of major computer installations in 
the 1960s placed new stresses on engineering 
curricula. A need arose for increased emphasis 
on statistics, probability, numerical methods and 
computer programming. Today, the omnipresent 
computer contributes to an emphasis on analy- 
tical approaches to engineering problems at the 
expense of synthesis and experimental proce- 
dures. While the analytical approach is attractive 
because of savings in terms of time and money, 
many problems remain which lend themselves to 
experimentation. 

At a conference in June of 1970,^ engineering 
managers exprejssed the view that creative talent 
was being smothered by this overemphasis on 
analytical techniques. They feel that the major- 
ity of new engineers have too little background 
preparation in report writing, oral presentation 
of completed projects and selling new ideas to 
the organization, and inadequate understanding 
of other functions such as law, finance, account- 
ing and personnel. One executive was of the 
opinion that engineering faculties tend to equate 
the attractiveness of career opportunities with 
the amount of research and development being 
conducted by a company. He believes that secon- 
dary industry needs engineers for operations as 
well as for research and development, and said: 
“Many graduates of engineering courses shy 
away from the marketplace and the factory. 
They appear to look inward as though hoping to 
find a solitary role conducting original research 
or preparing original designs, without interest 
for human service, marketability, cost or means 
of distribution. Others veer off into other pur- 
suits such as teaching and government service.'' 

There is still a gap in understanding between 
engineering educators and the practitioners of 
engineering. Most university teachers, with their 
orientation toward research and development, 
are well adjusted to the present curricula. Better 
compatibility between educator and industry 
demands better communication; a step in this 
direction was recommended in Chapter 6 (Re- 
commendation 6: 1) . 

Today's graduates are more sophisticated, 
more articulate and possibly more intellectually 
mature than were their predecessors^ As com- 

sS^posium on *'The Future of Engineering Education — Ontario’*, 
sponsored by the Ontario Engineering Advisory Council in Toronto. 
June 23 and 26. 1970. 
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puters and supporting personnel are used more 
efficiently, increasing numbers of new graduates 
will be called upon to assume supervisory roles. 
This will create new problems for the graduate 
until he gains more practical experience, and in 
the process learns how to direct the efforts of 
people and so achieve a higher output from boih 
technologists and technician. It would appear 
that employers in industry will expect to fine 
these qualitie.s in future engineering graduaies, 
and this will present new and formidable chal- 
lenges to the engineering educator. 

OUTLOOK FOR FUTURE CAREER 
PATTERNS IN INDUSTRY 

For the past decade, engineers and scientists 
in industry, government and the universities 
have been advocating and urging the growth of 
Canadian secondary industry. The federal gov- 
ernment has woven a complex fabric of incentive 
programs directed toward such an expansion. 
These were devised principally for research and 
development, but now are being aimed at the 
entire innovative process, including marketing 
and tooling for production. It has been recog- 
nized that innovation is the key to export mar- 
kets, and thus there is a strong justification f c ' 
this approach in order to develop and expand 
the Canadian economy. Over a decade ago, when 
the new Ontario engineering schools were just 
starting up, engineering educators viewed one of 
their roles as giving support to this cause. They 
interpreted research and d<“ /elopment as equi- 
valent to innovation, and so believed secondary 
industry needed engineers with this kind of 
training. Although research and development 
are critical elements of innovation, all of the pi». 
cesses necessary to bring a new concept to market 
are involved — invention, design and produc- 
tion engineering, tooling, marketing and distri- 
bution. On the average, research and develop- 
ment amounts to about 5-10% of the total cost of 
innovation."^® 

The hopes and aspirations of engineering edu- 
cators for an expansion of industrial research 
and development failed to materialize. Although 
data are not readily available, in all probability 
the percentage of engineers entering industrial 
research and development is no greater than it 
was a decade ago. While volume of production 
by secondary industry may be increasing, profit 
margins are very low, particularly in the elec- 
tronics and aerospace sectors where engineering 
is a major component, and in the chemical 

^Today^s Engineerini Graduates and Industry — Match or Mismatch? 
Engineerinff Manpower Bulletin Number 16. June 1970. 

7a Robert A. Chairpie. Technological Innovation: Its Environment and 
Management, U.S. Department of Commerce. January 1967. 
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industry, where “scale-up" factor is so tiiiportaiU. 
The present l)nstness slowdown and cnanging 
patterns of governinental expenditure make the 
iniinediate future less certain than ever. 

Canada appears to he going through a 
transition from an industrial to a post-industrial 
society — a sex iety based on the culture of science 
and technology. The Harvard (x iologist Daniel 
Bell has suggested that such a sex-iety has these 
five characteristics; 

(1) the creation of a service economy with the 
majority of the labour force producing serv- 
ices rather than goods, 

(2) pre-eminence of the professional and tech- 
nical class, 

(3) centrality of theoretical knowledge, 

(4) commitment to growth and innovation, 

(5) the creation of new technologies associated 
ivith retrieval, processing and storage of 
information, and systems engineering — 
what Peter Drucker calls the “knowledge 
industries”. 

In Canada, John Porter has written about the 
impact of post-industrialism. He suggests that 
“because knowledge is central to the post- 
industrial society, the dominant figures who are 
emerging are the scientists, the engineers, the 
mathematicians, the economists, all at home with 
the new computer technology. These stand in 
contrast to the dominant men of the industrial 
period, the entrepreneur, the businessman and 
the industrial executive.”* 

Much has been tvritten and more has been 
said about foreign ownership of Canadian indus- 
try — the “branch plant” economy. Although 
there are some outstanding exceptions, most of 
these subsidiaries do little in the nature of 
research, development or design, but rather 
devote their efforts to manufacturing, sales and 
marketing operations. A further rationalization 
in the multi-national corporations could reduce 
the amount of manufacturing being carried on 
by them in Canada because of more favourable 
laimur markets abroad. Over 60% of Canada's 
lalK)ur force is in some form of service activity,* 
and this will be the sector of greatest growth. 
Thus, Canada could be moving very rapidly into 
a post-industrial era where the knowledge indus- 
tries will be dominant. 

We have been told that Canada needs a thriv- 
ing and growing secondary industry, exporting 

•John Porter. ‘Toet-lndustrUlitm. Poet-Natlonaliim and Poat-Sccondar> 
Education**. National Seminar on the Cotti of Pott-Secondary Educa- 
^n. pM Naikmal Institute of Public Administration of Canada. 
Quecn*t University. May 1970. 

•Economic Council of Canada. Stventh' Annual Hevkw, p. is. 
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[ >rodiicts abroad and employing an expanding 
aboiir force at home. However, we find that thi.s 
type of industry has not grown as rapidly as 
expected and that the expanding laboi'** force is 
being employed more and more in the service 
sector. It is as if the “industrial age” has passed 
us l)y. What then are the future career patterns 
for our engineers, and how should engineering 
schools he structured? 

Some educators have said we must educate 
young people for the natirin's needs of at least 
ten years ahead. They think Canada will require 
engineers in research and development, but now 
we are faced with a potential surplus of Ph.D.'s 
unless there is a slowing down of their flow into 
the economy.*® The industrialists believe they 
know what they want in an engineer, and the 
numbers required; .secondary industries, for the 
most part, however, are unable to plan more than 
a year or two in advance because of rapid fluc- 
tuations in markets and business cycles. Their 
predictions of future requirements have always 
been too low. 

A central role for government is becoming 
clear. One of the characteristics of the post- 
indirstrial era is a continuing commitment to 
growth and innovation. This gives rise to a need 
for planning and foreca.sting, and adapting to 
technological change. Such planning is in its 
infancy, with the techniques of forecasting still 
relatively unsophisticated. The federal govern- 
mert is committed to the establishment of 
uai onal goals, and these will determine future 
science, economic and social policies. Manpower 
requirements to meet these goals can provide 
a basis for educational policy. Such an approach 
may be theoretically sound bin, no matter how 
well we define our plan«, in practice there always 
must be a fair measure of "seat of the pants” 
decision-making. Nevertheless, a clear statement 
of national goals could be a valuable guide to 
educators. 

In the present situation, it would appear best 
for engineering schools to follow a middle 
course. Until national goals are formulated and 
articulated, or until future trends become less 
obscure, young people should be educated so 
that they achieve a me.''*iure of versatility, and 
thus can move with equal ease into either the 
secondary or service sectors of industry. It is for 
this reason that we do not recommend any major 
alterations in the thrust of undergraduate 
studies. If there are sudden changes in govern- 

'•Dr. Frank Kelly* Science Adviter for the Science Council of Canada, 
it rcport^io have laid that while Canadian univertitiet will be trantint 
about l.SOO l•h.D.*l thit year, only SQO to iUO will And employinent — 
“and that it being very optlmiiUc* . Toronto Globa and bfail, November 
II* 1970. 



1 




mcrt policy that generate requirements for new 
skills, they can be looked after by the graduate 
schools. New programs of the course-intensive 
master’s variety can be developed quickly in 
resp>nse to change. 

The outicxik for future <areer patterns in 
industry is bright. In spite of uncertainties over 
the future direction of secondary industry, the 
engineer must play a central role in our post- 
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industrial society. There are those who view its 
coming with apprehension because of imagined 
de-hiitnanizing qualities. However, if its capac- 
ities are properly used, then its potential is 
enormous in the battle to improve the quality 
of life. The engineer must be prepared for his 
pivotal role and responsibility in a new age, and 
It is for this reason that we place great stress on 
the applied humanities. 
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We have traced the career pattern of a typical 
young engineering student from secondary 
school, through undergraduate and into graduate 
studies, and have made predictions about what 
he might find in each of these phases of his 
educational experience. We have examined the 
characteristics of members of faculty and the 
relationship between our engineering schools 
and the profession. Also, we have attempted to 
describe the industrial scene that will confront 
our young engineer Avhen he leaves university. 
Before we proceed to a final survey of the over- 
all system of engineering schools in Ontario, 
there is a need to understand the way engineers 
diffuse into the labour force in order to estimate 
the requirements for engineers from these 
schools. Once this information is available, then 
policies can be established for total enrolments 
at all degree levels, insofar as these matters are 
related to the utilization of engineers. 

The first step is to look at the existing stocks of 



engineers in Canada — their field of employment 
and where they work, how their occupations 
shift with the passage of time after graduation, 
and future employment patterns within the pro- 
fession. Next, one must attempt to estimate the 
number of engineers required from the Ontario 
schools at each degree level, in order to meet 
the anticipated demands of the economy and 
potential needs of the province and the nation. 
An enrolment projection of the supply of under- 
graduate engineering students for the decade 
1970-80 can provide a basis for recommending 
policies covering the total engineering educa- 
tional system in Ontario. Finally, a source review 
of engineering manpower statistics leads to a 
recommendation for a central dat^ facility to 
meet a variety of regional and national needs. 

CHARACTERISTICS OF ENGINEERING 
MANPOWER 

Surprisingly little is known about our engi- 
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iieeriiig nianpouer resources even though they 
are of growing importance to Canada. There is 
a dearth of data concerning the number of engi- 
neers, where they came from, and to what level 
or in ^vhat specialties they are educated. We can- 
not state with any certainty the fields in which 
they are employed, what functions they perform, 
how much they earn, or how they are distri- 
buted geographically across Canada or through- 
out industry. This kind of information is essen- 
tial if there is to be effective educational plan- 
ning. Such manpower .statistics will make it 
possible for both industry and government to 
plan and to use the nation's human resources 
more efficiently. 

A significant start has been made in develop- 
ing detailed .statistic.s. In 19(57, the Department 
of Manpower and Immigration undertook a sur- 
vey of scientists and engineers,* the first compre- 
hensive effort to investigate this sector of the 
labour force (hereafter referred to as the 1967 
Survey) . It provided data in considerable detail 
on career profiles, including places of birth, 
educational attainments in various fields of 
study, types of employment and scientific expe- 
rience. The.se profiles were cross-classified by 
fields of specialization, industries and regions of 
employment, salaries earned, and work func- 
tions. The survey population was estimated to 
be 77,000, of which 38,000 possessed engineering 
qualifications. Since the Can^ Jian Council of 
Professional Engineers gives a i* jure for 1967 of 

M. G. Atkinson. K. J. Baines and Ellen Richardson, Canada*s Highly 
Qualified Manpower Resr^urces^ Research Branch, Programme Develop- 
ment Service, Department of Manpower and Immigration, 1970. 
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approximately (50,000 as the humbcr of persons 
residing in Canada who could be so categorized, 
the 19(57 Survey represented about (53% of the 
total. 

Employment and Field of Study 
From the pool of scientists and engineers sur- 
veyed in 19(57, it was p(>.ssible to compare the 
field of employment with the field of study. 
These comparisons are shown in Tables 9-1 and 
9-2. Approximately 80% of the engineering 
graduates claimed engineering to be their prin- 
cipal field of employment, ^vhereas 91% of the 
group employed in this field were graduate engi- 
neers. A greater percentage of engineering grad- 
uates have remained with their profession than 
have graduates in the sciences, with the exception 
of architecture. Again with the exception of archi- 
tecture, engineering employs more of its gradu- 
ates than do the sciences. 

These tables represent the total stock of engi- 
neers in 1967; they do not reveal recent flows 
into this pool. These flows could have altered 
.substantially in recent years. Nevertheless, at 
each degree level, it is evident that traditionally 
this work has prepared young people for a career 
in engineering, since only one graduate in five 
(20%) has shifted at a later date into some 
other activity. 

Secto^of Employment 

When e.stimating future patterns of growth 
and manpower requirements, it is important to 
know where engineers are employed, and this 
is shown in Table 9-3. 



Table 9-1 

Distribution of Educational Background in Each Field of Employment 



FIELD OF study 



FIELD OF 
EMPLOYMENT 


Archi- 

tecture 


Engineer- 

ing 


Physical 

Sciences 


Life 

Sciences 


Social 

Sciences 


Other 


Total* 


No. in 
Sample 


Architecture 


94.4 


1.4 


0.1 


1.2 


0.1 


0.8 


100 


2,198 


Engineering 


0.2 


90.8 


4.6 


0.6 


0.7 


1.0 


100 


.33,386 


Physical Sciences 


0.0 


17.3 


68.9 


6.6 


0.5 


2.6 


100 


9,266 


Life Sciences 


0.1 


10.0 


2.9 


82.2 


0.4 


1.6 


100 


7,780 


Social Sciences 


0.2 


24.7 


8.5 


11.7 


44.9 


5.3 


100 


6,159 


Other 


1.7 


23.7 


28,7 


18.8 


4.7 


17.0 


100 


6,051 



^Tot il includes those who did not state their field of study. 

Source: 1967 Survey of Scientists and Engineers, Department of Manpower and Immigration. 
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Table 9-2 

Distribution of Employment for Each Field of Study 



FIELD OF EMPLOYMENT 



FIELD 
OF STUDY 


Archl- 

leciure 


Engineer- 

ing 


Physical 

Sciences 


Life 

Sciences 


Social 

Sciences 


Other 


Total* 


No. in 
Sample 


Architecture 


87.2 


2.1 


J.O 


0.1 


0.6 


4.4 


100 


2,382 


Engineering 


















Total 


0.1 


80.4 


4.2 


2.1 


4.1 


3.8 


100 


37,842 


Bachelor'sf 


0.1 


79.7 


3.9 


2.4 


4.4 


3.8 


100 


32,417 


Master'sf 


0.3 


82.3 


5.9 


0.6 


1.9 


5.2 


100 


3,082 


Ph.D.t 


0.0 


78.0 


11.2 


1.7 


1.5 


4.6 


100 


565 


Physical Sciences 


0.0 


14.1 


58.0 


2.0 


4.7 


15.8 


100 


11,008 


Life Sciences 


0.3 


1.6 


6.3 


65.7 


7.5 


11.7 


100 


9,747 


Social Sciences 


0.1 


6.4 


1.4 


0.8 


'^6.9 


7.9 


100 


3,589 


Other 


0.8 


15.1 


10.4 


5.7 


14.1 


44.8 


100 


2,289 



*Tota) includes those who did not state their field of employment. 
tDegree breakdown done especially for CPUO. 

Source: 1967 Survey of Scientists and Engineers, Department of Manpower and Immigration. 



Selected sectors for industry also are included 
in Table 9-3. The primary sector includes agri- 
culture, forestry, fisheries, oil wells and mines — 
the resource industries. Under secondary would 
fall manufacturing and construction, which 
employ the largest number of engineers. Ter- 
tiary industry includes transportation, commu- 
nications, utilities, trade and other service indus- 
tries — the fastest-gprowing sector of our economy. 

Table 9-3 

Distribution of Engineering Employment 
’ BY Sector 

Sector Percent 



1. Industry 



(a) Primary 


7.0 




(b) Secondary 


44.0 




(c) Tertiary 


28.7 


79.7 


Education 


(a) University 


2.4 




(b) Other 


1.0 


3.4 


Government 


(a) Federal 


5.2 




(b) Other 


10.4 


15.6 


Not specified 




1.3 


TOTAL 




100.0 



Source; 1967 Survey of Scientisw and Engineers, Department of Man- 
power and Immigration. 
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If education and government are combined 
with the tertiary industry sector to cover all serv- 
ice activity, the ratio of engineering employment 
in the resource, secondary and service sectors is 
approximately 1:4:5, compared with a 1967 total 
labour force mixture of 1:3:6.^ This sectoral 
disparity between engineering and total labour 
force employment would suggest that a short-term 
adjustment could be taking place. The disparity 
would become less if recent graduates pursue 
careers more in the service sector than in the 
secondary sector. Such a trend could be accentu- 
ated by the depressed economic climate that is 
adversely affecting the expansion of secondary 
industry at the present time. The rapid growth 
of the service sector will alter future employ- 
ment patterns of engineers. 

Occupation 

As a result of the 1967 Survey, it is possible 
to examine quantitatively, as a function of time, 
the occupational shifts of engineers from 
graduation until their retirement. This cross- 
sectional analysis measured the 1967 population 
in each occupational category as ahinction of 
years since graduation. The results are shown in 
Figures 9-1 and 9-2. Figure 9-1 refers to engi- ; 
neers with a bachelor’s degree, while Figure 9-2 ■ 
includes all engineers: those with bachelor’s, i 

Economic Council* 5even/Ii Annual Review , Appendix Table A*2, p. 94. .1 
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Fl 0 ura 9-1 - CROSS-SECTIONAL SURVEY OF ENQINEERINQ 
OCCUPATIONS FOR ENGINEERS WITH BACHELOR'S DEGREE 




0 5 10 IS 20 2S 30 ‘3S 40 

YEARS FROM BACHELOR GRADUATION 

Source: 1967 Survey of Scientists and Engineers, Department of Manpower 
and Immigration. 
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PERCENT OF TOTAL 



Figure 9-2 - CROSS-SECTIONAL SURVEY OF ENGINEERING 
OCCUPATIONS FOR ENGINEERS WITH PROFESSIONAL 
CERTIFICATION, BACHELOR’S, MASTER'S AND 
DOCTORAL DEGREES 




Source: 1967 Survey of Scientists and Engineers, Department of Manpower 
and Immigration. 
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master's, and Ph.D. degrees, and those registered 
without a recognized degree. The population of 
the last three was insufficient to draw separate 
curves. Twenty-one work functions were used 
to define occupations (grouped into five cate- 
gories for the purpose of this study) ; these are 
summarized in Table 9-4. 



Table 9-4 



Summary of Work Functions Used in 
Cro.ss-Sectional Analysis 



Occupation 



1967 Survey Work Function 



Management Administration, Management, 
Supervision. 

Research Management of Research and 

Development, Research. 

Design and Development, Production or 

Development Technical. 



Operations 



Teaching 

Consulting 



Coi ^iruction. Instillation, 
Erection, Field Exploration, 
Production, Operations, Mainte- 
nance, Testing, Inspection, 
Quality Control, Computer 
Service, Statistical Processing, 
Statistical Analysis and Forecast- 
ing, Personnel Training and 
Development, Extension Work in 
Agriculture, Publicity, Sales, 
Service, Marketing, Purchasing, 
Reports, Technical Writing, 
Editing. 

Teaching, Extension work. 

Clinical practice, Conselling, 
Practical case work. Industrial or 
Management consulting. 



Figure 9-1 shows that over 80% of engineers 
holding a bachelor's degree were in technical 
work (research, design and development, or 
operations) in the year after graduation. This 
percentage falls off rapidly in the first fifteen 
years, then less rapidly until it reaches 32% at 
twenty-two years after graduation. Research, 
design and development maintained nearly iden- 
tical percentages with pperations throughout this 
period. The percentage of engineers employed 
in management increases rapidly to a maximum 
of 65% at thirty years after graduation, and then 
a decline sets in. Reasons for this drop could be 
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shifts into consulting and teaching, retirements 
and withdrawals from the profession. The per- 
centage of engineers engaged in consulting and 
teaching remains relatively constant at approxi- 
mately 11 / 2 % each, until forty years following 
graduation. 

Figure 9-2 includes the results of a survey of 
the 2,583 University of Toronto engineering 
alumni, conducted in 1944 by the late Dean 
C. R. Young.3 Only technological and admi- 
nistrative categories are shown. The occupational 
mobility trends have not changed substantially 
over the twenty-three-year period, but now engi- 
neers move more rapidly into management. 

The rapid flow of engineers into managerial 
occupations reveals the high value employers 
place on engineering education ps a preparation 
tor such work. Since the majority of engineers 
move into leadership roles, this underlines the 
need for communication and business skills. Engi- 
neers who remain in predominantly technical 
work are in either research, design and develop- 
ment, or 'V the operations field, in approximately 
equal numbers. The study group agrees with the 
point of view that maintains that such engineers 
require similar curricula. The basic knowledge 
and techniques used by the engineer in research, 
design and development are required by the 
operations engineer. Although work functions 
differ, the informational and organizational envi- 
ronments are similar. 

Table 9-5 was developed from the 1967 Sur- 
vey, using the occupations defined in Table 9-4. 
For each level of educational attainment, this 
table shows the occupational categories of highly 
qualified manpower who gave their field of 
principal employment as some branch of engi- 
neering. (About 91 % of such people were 
engineers.) The percentage of those in research 
and teaching increases significantly with a rise in 
the level of education, while the percentage of 
those in management decreases. In design and 
development and in consulting, there are higher 
percentages of those with master's degrees than 
of those with other levels of education. For those 
with bachelor's degrees, the percentage in opera- 
tions dominates other levels of education. 



>C. R. Young, *‘Types of Employment among Engineering Graduates of 
Toronto”, publication emanating from the Office of the Dean, Faculty 
of Applied Science and Engineering, University of Toronto, 1944. 
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Table 9-5 



Highly Qualified Manpower with Engineering as 
Principal Field of Employment - 1967 
Occupational Category by Level of Education 



Occupational 

Category 


Registered 

without 

Recognized 

Degree 


Management 


55.8 


Research 


3.4 


Design and 
Development 


15.0 


Operations 


17.9 


Teaching 


0.4 


Consulting 


1.6 


Other, or Not 
Specified 


5.9 


Number in 
Sample 
(Approx. 91 % 
Engineering 
Graduates) 


1,665 



Bachelor's 

Degree 


Master’s 

Degree 


Doctoral 

I>egree 


44.8 


34.9 


20.0 


4.3 


12.0 


35.7 


17.3 


22.6 


7.8 


23.0 


13.1 


2.1 


0.9 


8.1 


26.3 


2.5 


4.4 


2.5 


7.2 


4.9 


5.6 


27,8.30 


3,194 


643 



Source: 1967 Survey of Scientists and Engineers^ Department of Manpower and Immigration. 



Table 9-5 sets out the primary associations of 
each level of educational attainment, from which 
an order of occupational priority has been tabu- 
lated (Table 9-6) . This table has curricular 
implications and makes a good case for the 
course- work master's program, since it is at this 
level where management, design and develop- 
ment have a higher priority than research. Prior- 
ities for the other educational levels do not con- 
tain any surprises. 

It is necessary to keep two points in mind 
when considering these data. First, the figures in 
Table 9-5 represent what existed in 1967, and 
not necessarily what is needed to shape our econ- 
omy and society in the future. It may be that the 
priorities listed in Table 9-6 should be altered 
so as to mould the structure of the profession 
into, a form different from what it is at the 
present time. However, befoie new priorities can 
be established with any confidence, reliable data 
of the type presented in Figures 9-1 and 9-2, and 
of the form developed in the 1967 Survey, are 
needed on a regular basis. Second, the existing 
data have been gathered at only one point in 
time. The composition of the manpower pool 
at any particular time should not be used as an 
indicator for flows into the pool. Reliable infor- 
mation on flows and their trends can be obtained 
only through regular sampling and detailed 
histories. 



Table 9-6 

Occupational Priority with Level 
OF Education 



Level of Education 


Priority 


Occupation 


Registered without 


1 


Management 


recognized degree 


2 


Operations 




3 


Design and 
Development 


Bachelor's degree 


1 


Management 


2 


Operations 




3 


Design and 
Development 


Master's degree 


1 


Management 




2 


Design and 
Development 




3 


Operations and 
Research 


Doctoral degree 


1 


Research 


2 


Teaching 




3 


Management 



Occupational mobility studies of the type just 
described are cross-sectional in nature: that is, 
they take a “snapshot" of the occupations of 
each person at one point in time, and create 
average career profiles, as set out in Figure 9-1. 
A more meaningful picture can be developed 
from a longitudinal, or cohort, study, in which 
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ii historiciil profile is traced for every individual, 
showing career transitions from graduation. 
Individuals are grouped, by year of graduation, 
into cohorts so that flow compositions into the 
manpower pool can be built on a historical base. 
In this way specific trends can be identified and 
future projections made with greater confidence. 
This is a tedious and costly process, but the 
results would be most useful in curriculum 
planning for degree programs, and would assist 
in determining the demand for continuing edu- 
cation. A study of this kind is being undertaken 
by the University of Toronto, whose 15,000 
engineering alumni represent the largest such 
group in Canada. 

In the above paragraphs and tables, we have 
described only those chr.racteristics of engineer- 
ing manpower that are needed in order to esti- 
mate gross requirements — employment by fields 
and sector, and occupational mobility. The 1967 
Survey also provided data on student flows, the 
individual branches of engineering and other 
details including origin, sex distribution, geo- 
graphical mobility and earnings. Unfortunate- 
ly, in some of the statistics, scientists were 
combined with engineers — a difficulty experi- 
enced with much of the Canadian data assembled 
in the past. 

REQUIREMENTS FOR ENGINEERS 

It is necessary to distinguish between two sepa- 
rate concepts when assessing manpower require- 
ments. One is need; the necessary mixture and 
flow of manpower required to meet objectives 
and goals; the other is demand: the aggregate 
of individual employment opportunities avail- 
able within the economy. Ideally, need should 
equal demand, but needs cannot be readily 
identified because of their subjective nature and 
the complexities and structure of Canadian soci- 
ety. In countries with “planned" economies, 
attempts have been made to define needs on a 
national scale.^ In both Canada and the United 
States some educators have even used need as the 
basis for justifying increased numbers of Ph.D. 
students. Whether correct or not, current 
employment opportunities for certain types of 
Ph.D.'s reveal a wide disparity between need and 
demand. At the micro-economic level, there is a 
growing awareness of the desirability of defining 
manpower needs, and many companies are 
beginning to specify their demands for man- 
power of all types in terms of need. In short, 
manpower planning is gaining equal status with 
capital and material resource planning. 

^Several communist countries have defined their manpower needs and 
planned accordingly with abysmal results; whereas Sweden, for example, 
has achieved moderate success in its national manpower planning. 
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It can be helpful to adopt the economist’s 
approach to the problem: supply and demand 
must be equal, and the way in which they are 
equalized is by effecting adjustments to both 
sides of the equation. Supply is increased by 
attracting people from other fields by higher 
salaries and benefits, by retraining and upgrad- 
ing employees, by working overtime, or delaying 
retirement. Demand is reduced by such means 
as re-defming jobs to require less skill, by shift- 
ing priorities of projects, and by automation. 
In effect, employers “make do" with existing 
personnel. 

We have adopted the demand approach in 
projecting the future requirements for engi- 
neers. A separate study wa,s undertaken to esti- 
mate the number of baccalaureate engineers 
required from the Ontario schools to meet 
demands over the period 1970-80. This study, 
embodied in a separate report^ as a source docu- 
ment, is divided into two parts. The Substitution 
Study deals with the impact of the rapid expan- 
sion of diploma technologists and the possibility 
of employers substituting them for engineers. 
The Demand Study projects the demand for 
engineers over the present decade. 

The Substitution Study 

This study analyzed the results of interviews 
with sixteen organizations employing engineers. 
They included fourteen privately owned firms 
and two semi-auionomous government-related 
companies. They varied in size from three with 
under 750 employees to six with over 20,000. 
Head Offices were in three provinces, but all six- 
teen carry on operations in every province. Indus- 
tries represented were pulp and paper, chemical, 
petroleum, steel, aerospace, electronics, electrical 
equipment, mining, motor vehicles, construc- 
tion, transportation, utilities and consulting 
engineering. These sixteen organizations have 
over 250,000 employees including 7,500 engi- 
neers, 1,500 physical scientists, and 3,500 tech- 
nologists and technicians. Only three firms had 
fewer than 200 engineers. It is estimated that one- 
tenth of all engineers in Canada were covered 
in this study. 

It was discovered that technologists are not 
regarded as career substitutes for engineers, and 
that there are distinct barriers to the upward 
mobility of technologists. Substitution does take 
place in work functions, where there is a func- 
tional reorganization of the engineer's activity. 

*M. L. Skolnik and W. F. McMullen, An Analysis of Profeciions of the 
Demand for Entineers in Canada and Ontario and an inQuiry into 
Substitution between Engineers and Technologists, CPUO Report No. 
70*2. (We are indebted to the Ontario Department of Education and the 
Canadian Department of Manpower and Immigration, who jointly 
supported this study.) 
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When it becomes routine, often geared to a 
coiiipiitcr, this work is usually passed on to a 
technologist. The principal reasons for substi- 
tution appear to be changes in technology, rather 
than inefiicicncies in manpower deployment or 
changes in relative wages and availability of 
technc)logi.sts and engineers. Again, while engi- 
neers are required when a technology is first 
introduced, once it matures the engineers tend 
to be relea.sed in order to exploit new fields, 
while technologists move in to replace them. 

The relative supplies of engineers and tech- 
nologists appeared to have little influence on 
manpower demands, but the absolute supplies 
of both engineers and technologists were of 
importance. When the number of engineers 
decreased substantially (e.g. mining, metallurgy 
and geology) , technologists were substituted to 
meet the demand. The number of available 
technologi.sts influences the speed of adjustment 
to changes in technology. A more rapid response 
was possible when trained technologists were 
readily available as an alternative to in-plant 
training. 

The conclusion of the study is that the increas- 
ing numbers of diploma technologists now grad- 
uating from the Colleges of Applied Arts and 
Technology will not have a significant effect on 
the demand for engineers. Indeed, the availabil- 
ity of tec hnologists should permit engineers to 
use their skills more efficiently. 

The Demand Study 

This study focused on three major indepen- 
dent attempts to forecast the future demand for 
engineers.^ All of these studies relied upon cen- 
sus data, the most recent being for the year 1961. 
They were compared by applying the basic 
method of each to the twenty-year period 1961- 
81, in order to arrive at a projected growth for 
the stock of engineers. Then, the growth rates 
so derived were compared with the growth rate 
of the gross national product (GNP) . 

Between the last two census years, 1951 and 
1961, the stock of engineers in Canada grew at 
a rate of 3.5% a year compared to a yearly 
increase in GNP of 3.6%, or even higher if one 
adjusts for the cyclical differences between the 
two census years. For the period 1961-81, GNP 
is expected to grow at an average rate of no more 
than 4% a year. Two of the projections were 

^N. Ahamad, A Prolection of Manpower Requirements by Occupation 
in 1975, Canada and its Regions (Ottawa: Department of Manpower 
and Immigration, 1970); N. Meltz and G. P. Penz, Canada^s Manpower 
Requirements in 1970 (Ottawa: Department of Manpower and Immi- 
gration. 1968); C. Watson and J. Butorac, Qualified Manpower in 
Ontario 1961-86, Vol. I: Determination and Profection of Basic Stocks. 
(Toronto: Ontario Institute for Studies in Education. 1968). 
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below this percentage, while the other was .sub- 
stantially higher. Each projection used different 
attrition rates in attempting to develop the 
required in-flow of engineers. 

In a fourth projection, it was assumed that the 
stock of engineers would expand at the .same rate 
as the GNP (4.0% a year) , while attrition con- 
tinues at the highest rate used in the three 
studies (Ahamad’s) . This produced a required 
average annual in-flow of 3,400 engineers for 
the Canadian economy over the period 1961-81. 
.\djusting for net immigration and the number 
of degrees awarded in Canada from 1961 to 1968, 
the final projection for the thirteen-year period 
1968-81 was 3,300 engineers a year. 

Historically, about 35% of Canadian engi- 
neering degrees have been awarded in Ontario, 
whereas nearly 50% of them are employed in 
that province. To remain on the safe side, it has 
been assumed that 3.5-50% of the national in- 
flow will come from Ontario. The percentage 
must take into account net immigration, and 
tho.se graduates who do not enter engineering 
employment after graduation. There is a ten- 
dency to overestimate net immigration figures 
because the data cover immigrants who record 
“engineering” as their hoped-for occupation, 
and emigration figures normally are quoted only 
for the United States. (Although about 20% 
of baccalaureate engineers currently proceed to 
graduate studies in Ontario, ultimately they do 
enter the labour force mainly in engineering.) 
Insufficient data are available on the number of 
engineering graduates who take up engineering 
occupations after graduation, but it is known 
that increa.sing numbers return to study medi- 
cine, law and business administration. There is 
no reason to believe that such factors off.set one 
another. Skolnik concluded that the demand 
for Ontario engineering graduates will be about 
1,500 graduates a year during the period 1968- 
81, and suggests an upper limit of 2,500 a year, 
derived from the Ahamad study. 

This forecast extrapolated from past trends. 
Thus, it did not take into account major struc- 
tural changes in society that create discontinuity 
between present and future. For example, the 
Substitution Study concluded that the mix of 
technologists and engineers depended mainly on 
technological change rather than on relative 
supplies of people and the wages paid to them. 
For this reason, it was felt that the demand fore- 
cast for engineers should not be affected by the 
rapid increase in the number of diploma tech- 
nologists entering the labour force. However, in 
the present era of technological change, it is 
hazardous to show a smooth projection of past 
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trends in vari.iMes gre.itly inflncnrcd by tcdi- 
nology. The Canadian cronoiny has l)eeii reason- 
al)ly flexible and to date has managed to adjust 
to wide variations in the ninnher of graduates in 
any partic ular held. 

In the above forec asts, no attempt was made to 
divide engineering into its diirercnt hranehes. 
Over a long span of time, shifts in demand from 
Inane li to l)raiu li c an he extreme. For example, 
up to HHil, civil engineering had the largest 
popniation, and engineering projections based on 
the census data continued to show the domi- 
nance of civil engineers. But the UKiOs were 
highlighted by an explosive expansion of elec- 
tronics, and the MHi? Survey reveals electrical 
engineering as occ npying 19% of the total, coin- 
pared to only \{\% for civil engineering. A more 
detailed study of recent flows into employment 
by branch is recpiired in order to produce 
meaningful predictions, and even then techno- 
logical c hange and public preferences may eon- 
tinne to upset predictions. 

Appendix G summarizes the recent experi- 
ence of the universities in placing engineering 
graduates. The demand for bachelor graduates 
continues to he brisk even though very recent 
trends reflect the present slump in the economy. 
We expect this condition will he of short dura- 
tion, and have assumed a recovery in growth 
early in the 1970s. 

A reasonable substitute for recent flows into 
employment is the output ol bachelor’s degrees, 
divided into the different disc iplines (shown in 
Appendix B) . These flows do not acc:ount for 
current fluctuations in demand (such as the 
present shortage of mining, metallurgical and 
geological engineers) , but they do give an indi- 
cation of broad trends over a five- to ten-year 
period. It will be diflieiilt to predict demand by 
branch with any degree of certainty until a 
regular survey is conducted on an annual basis. 
Shortages in some branches can be filled by 
graduates from another branch. This type of 
horizontal substitution occurs when a graduate 
in civil engineering is employed as a mining 
engineer, but a vertical substitution also takes 
place where vacancies in mining engineering are 
filled by mining technologists. In these ways, 
the economy adjusts itself to equalize supply and 
demand. 

Bachelor's and Masters Graduates 

The demand for individuals holding advanced 
degrees has not been estimated quantitatively for 
this study. Surveys conducted in the United 
States'^ reveal that, except for those companies 
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engaged iu re.searc li and dovelopiiieiit. caiiployers 
do not curoiirage their engineers to pursue 
advanced degrees. I'he impetus behind the bur- 
geoning growth of graduate schools has been 
the aspirations of faculty to develop depart- 
ments, and of students for higher levels ol 
learning and professional competenc e. 

Table 9-h shows that iu Canada there are 
similar employment patterns for bachelor’s and 
master’s degree engineers, hut inarkc'd dilfer- 
ences between them and the holders of doc toral 
degrees. Therefore, we have groiipc*d together the 
demand for master’s and hac hclor s degrees, and 
have treated separately those with doctoral 
degrees. 

As suggested in Chapter I (page 14; , a mas- 
ter’s degree will develop increasing significance 
as the service industries become a focal area of 
growth and sophistication. With Canada’s move 
into the post-industrial er«i, there should be an 
iiic leasing How of engineers into the service 
sector, and this implies a demand for specialty 
skills to satisfy the wide variety of tasks exe- 
cuted by these "knowledge” industries. 

In the future, more Canadian employers will 
be forced to insist on a master’s degree for 
certain .specialized skills. Table 9-5 shows that 
2^% of the master’s degree engineers were 
employed in design and development in 1967. 
The contribution of the specialist master’s 
degree engineer to intensive innovation in Can- 
ada’s secondary industry, where design and 
development constitute the major allocation of 
resources, cannot be ignored in any assessment 
of demand. Nevertheless, to date there has been 
no clear articulation on the part of employers 
in these industries. 

Since a quantitative measure of demand is not 
possible, we have been forced to make the above 
qualitative and subjective judgments of need. 
The demand for master’s degree engineers is 
included in the annual figure of 1,.500 engineer- 
ing graduates, but on the basis of the anticipated 
needs of our economy, universities should be 
responsive to those who wish to pursue work to 
the level of a master’s degree. 

Doctoral Graduates 

In estimating demand for the doctorate in 
engineering, one must bear in mind both the 
high cost of such programs and the recent con- 
cern of many such graduates over the lack of 
employment opportunities. Table 0-.5 shows that 

^Goah of Enginterint Education, ASEE Final Report, 1%8, p. 3S and 
Figure D-16. 
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t‘ni»iiKfis w ith cl<x toriil degrees move priiieipally 
into tea< hing and resean li careers, and Appendix 
if reveals trends in the placement ol Pli.D/s. 

'I*he demand lor tea< hers was estimated on the 
assniiiption that the nnivevsities will maintain 
present stndent/stall ratios while drawing addi- 
tional fa< nity almost exc lusively from the pool 
of Ontario Ph.D.’s. While both assumptions are 
assailable, the result will give a maximnm num- 
ber. ^I he < al< niation used a student/staff ratio 
of which was the average for Ontario uni- 
versities over the pa.st ten years, and it was 
based on an animal attrition rate of l\A%. The 
figure is clo.se to 10% for the individual univer- 
sity. but only S.4% are lost from the provincial 
system as a whole. Undergraduate enrolment 
projection.s, tovered later in this chapter, esti- 
mate a growth from 8.500 undergraduates in 
l%0-70 to KI.OOO in 1080-81. losing these figures, 
the average demand for additional f^aculty will be 
about 02 a year throughout the decade. This 
figure is an upper limit because of the recom- 
mendation in Chapter fi that, where possible, 
vacancies should be filled by members of the 
practising profession, not all of whom will pos- 
sess a doctoral degree. On the other hand, it is 
to be hoped that teaching posts in both the 
Colleges of Applied Arts and Technology and 
in the high schools will attract more engineers. 
Therefore the demand for teachers educated 
as engineers in Ontario universities was assumed 
to be ()0 Ph.D.’s a year over the next decade. 

No attempt was made to assess the demand for 
post-doctoral fellows. Usually such appointments 
are for one or two years, and thus are a kind of 
holding operation before the individual takes on 
permanent employment. The load on demand, 
averaged over a ten-year period, would be 
negligible. 

The demand for research is more difficult to 
determine because of the present state of the 
Canadian economy. In industry, the growth rate 
for total expenditures on intramural research 
and development has decreased significantly 
since 19C4. DBS figures* reveal the following 
growth rates: 1964, 26%; 1965, 27%; 1966, 
10% ; 1967, 7% and 1968, !i%. These figures, 
adjusted for a 6% “inflation-sophistication” fac- 
tor^ show a sharp decline in industrial research 
and development activity. Prospects for a rever- 
sal of this trend in the near future do not app>ear 
at this time. The present austerity program of 
the Canadian government, coupled with its 

DBS Daily, 25 April 1969. 

nr a full discussion and derivation of this factor, see R. W. Jack- 
bo I, r>. W. Henderson and B. Leung, Background Studies in Science 
Policy: Projections of R and D Manpower and Expenditure, Special 
Slu.’y ^o. 6, Science Council of Canada, 1969, Section 2. 
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desire to shift more research into the indiLStrial 
sector, means that opportunities of employment 
at the federal level for engineering dot torates arc 
equally low. Over the present detade research 
activities probably will remain relatively static, 
and therefore the demand for rc.scart h engineers 
will consist almost entirely of the need for 
replenishment to make up for yearly attrition. 
The existing stock of engineers engaged in such 
activities in industry and in government is 
approximately 2,000 (1,000 in each set tor) and 
consists of ■]% with professional certification, 
64% with bachelor’s degrees, 21 % with master’s 
degrees and 12% with doctoral degrees.*^' In spite 
of this present mix, we have assumed that existing 
stocks will be replaced with a much higher prt>- 
portion of Ph.D.’s and that this replacement will 
consist of 60% doctoral graduates. By 1980 a 5% 
attrition would create a demand for approxi- 
mately 60 Ph.D.'s a year for Canada, and we have 
assumed that about one-half of this number will 
l)e drawn from Ontario. 

A small proportion of doctorate engineers 
move into occupations other than teaching and 
research (Table 9-5) . In recent years, such occu- 
pations probal)ly have been assoc iated with the 
service sector, but figures are not available to 
substantiate this statement. We have as.sumed 
that 10% of the total demand for engineers with 
a doctorate will result from employment oppor- 
tunities outside teaching and research. Table 
9-5 shows that 20% of them are in management. 
Since they normally do not move into the.se 
positions immediately upon graduation, we have 
combined any demand for this cKcupation in the 
10% figure suggested above. 

From the foregoing, it appears that the C4ana- 
dian demand for engineering doctorates from the 
Ontario universities over the present decade will 
be about 100 a year. This figure appears reason- 
able in the light of current economic circum- 
stances, but it must be reviewed regularly — at 
least every five years — because of rapid changes 
in technology and public opinion that will offset 
the economic and political climate over the bal- 
ance of this century. 

A survey has been made of the anticipated 
country of employment for the Ontario engi- 
neering graduate students enrolled in 1908-69.** 
About 55% planned to work in Canada, 15% in 
a foreign country, and ,S0% had no idea. A sur- 
vey*2 of the present employment of the holders 

^*1967 Survey of Scientists and Engineers. 

'^Summary produced by the Program Planning and Analysis Group — 
Manpower Section. National Research Council. July 1970. 

^’Survey conducted by the Ontario Council on Graduate Studies in 
1969. 



of the 231 Ontario doctorates in engineering 
awarded between 19G4 and 1969 reveals that of 
the 197 Ph.D/s whose locations are known, 54% 
were employed in Ontario, 28% in the rest of 
Canada, 14% in their home country and 4% in 
some other country. It is unlikely that emigra- 
tion to the United States will continue at recent 
levels because of the present scarcity of employ- 
ment opportunities lor engineers there. However, 
the II. S. Engineering Manpower Commission 
estiniates that hy 1972'^ demand will again over- 
take supply. It would appear that about 20% of 
the Ontario Ph.D. graduates will leave Canada 
for employment elsewhere, and allowing for such 
emigration, the total output of Ph.D.'s ought to 
be 125 a year. 

In summary, the anticipated demand for engi- 
neers from Ontario universities, averaged over 
the decade 1970-80, is as follows: 

Bachelor's degree -1,500-2,500 a year 

Master's degree —Included in the figures for 
bachelor's degree; the 
number will depend on 
the intentions of 
students. 

Ph.D. degree —125 a year. 

SUPPLY OF UNDERGRADUATE 
STUDENTS 

The term “supply" is used here to desig- 
nate the supply of engineers into the economy 
from the Ontario engineering schools, which 
depends to a large extent upon the student popu- 
lation stream into the freshman year. Enrolment 
projections are of such importance to this study 
that they were treated in some depth and 
embodied in a separate report as a source docu- 
ment.*^ Since 87% of Ontario undergraduates 
are from that province'^ it appeared reasonable 
to use Ontario statistics and high school data. An 
analysis of the entrance requirements for its 
engineering schools shows that, for 1969-70, 
grade 13 students must have successfully com- 
pleted mathematics A and B, physics and chemis- 
try. Other required subjects vary, but a mini- 
mum standing (usually 60%) is necessary in 
some or all of them, together with an adequate 
over-all standing in grade 13. 

Since 1955, there has been a declining interest 
in both physics and chemistry (Fig. 9-3) . Even 
though high school enrolments continue to climb 
and a gieater proportion of high school gradu- 

^^Engintttint Manpower Bulletin, Number 17, September 1970. 

'^Philip A. Lapp, Undergraduate Engineering Enrolment Profections ior 
Ontario, 1970-1980, CPUO Report No. 70- 1. 

E. Zsigmond and C. J. Wenaai, Enrolment in Educational Institu- 
tions by Provincct i 951-52 to I980SI, Stall Study No. 25, Economic 
Council of Canada, January 1970. 
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ates attend university throughout the 1970s, a 
declining interest in physics and chemi.stry will 
offset these upward trends. Total engineering 
enrolments should level off near the 1970 figure, 
in a band between 8.000 and 8,300 .students. 
This would occur if the Ontario high school cur- 
riculum and engineering entrance requirements 
(ontinue .n their present form. However, Onta- 
rio high schools are changing, and it is expected 
that some form of a credit sysrem will be intro- 
duced tvhereby students can proceed at their 
own pace toward graduation. Under such cir- 
cumstances, universities will be forced to re- 
define their entrance requirements as recom- 
mended in Chapter 2 (Recommendation 2:1), 
and these could vary between different regions of 
the province. 

A constant total enrolment of 8,000-8,300 
students would result in a steady-state bachelor 
degree output of approximately 1,400 a year or 
100 below the minimum set by demand. The 
final enrolment projection was undertaken on 
the assumption that neidier physics nor chemis- 
try would be mandatory for engineering, as it is 
at the present time for most schools, but that 
grade point averages would be maintained at the 
same academic level. In this way, engineering 
and science facultie:> would draw from the same 
pool of high school graduates. Using this projec- 
tion (Fig. 9-4) , freshman enrolments would 
build up to 4,000 students and total enrolments 
to a level of 13,000 students by the year 1980-81. 
(Figure 9-4 includes the universities' projections 
for total enrolments. The lower branches of the 
curves are the estimates when entrance require- 
ments for engineering remain unchanged.) This 
final projection yields an average of about 1,750 
bachelor's degrees a year over the period 1968- 
81, and falls within the range of demand sum- 
marized above. 

SUPPLY OF GRADUATE STUDENTS 

The (K)ol of these students in Ontario is made 
up of Canadians who move directly into gradu- 
ate studies after their baccalaureate degree, 
students who have one or more years of practical 
experience and students who are landed immi- 
grants or foreign nationals. Unfortunately, it was 
not possible to obtain a complete cros.s-section of 
this mixture, but Table 9-7 does show the citi- 
zenship of Ontario engineering graduate stu- 
dents for the years 1968-69 and 1969-70. In the 
latter year, approximately one-half were Cana- 
dians, one-quarter landed immigrants and one- 
quarter foreign nationals. In the previous year 
the foreign student component had been one- 
third, and the difference was taken up by 

55 



iiicrcnscd niiinbcrs of landed immigrants. (Prob- 
ably this was caused by a change in the National 
Research Council policy: graduate fellowships 
are now being awarded only to Canadian citizens 
and landed immigrants.) 

Table 9-8 shows the age and sex of Ontario 
engineering graduate students for the academic 
year 19f»8-(i9, and since 72% were 26 years of 
age or older, usually they have had one or more 
years of practical experience before embarking 
on graduate studies. It would appear that 
the majority of those entering engineering 
make their initial plans only as far as the b.iche- 
lor's degiee. After obtaining employment and 
learning more about the profession, with its 
opportunities and challenges for those with more 
edmation. they rai,se their sights to the master’s 



or doctoral degree level. Table 9-7 reveals that 
22% in 1968-69, and 24% in 1969-70, were part- 
time students who, for the most part, pursued 
an advanced degree while working in industry 
or government. 

It is possible 'o make a rough estimate of the 
mix in the supply of graduate students; of the 
total stock in 1969-70, approximately .’10% moved 
directly into graduate studies while 70% h.id had 
some professional experience. Alx)Ut one-third of 
the latter group were employed as engineers while 
pursuing graduate studies on a part-time basis. 
One-quarter of the graduate students were for- 
eign nationals, and less than 6% of these svere 
part-time students (from Table 9-7) . The percen- 
tage of foreign nationals with experience prior to 
gr.iduate study is not known. 
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Table 9-8 

Ace and Sex of Students Enrolled 
FOR the Master’s and Doctorate 
IN Engineering at Ontario Universities 
1968-69 

AGE enrolled FOR MASTER'S ENROLLED FOR DOCTORATE TOTAL ENROLMENT 



CROUP 


MALE 


FEMALE 


TOTAL 


MALE 


FEMALE 


TOTAL 


MALE 


FEMALE 


TOTAL 


Under 2.8 


38 


0 


38 


4 


0 


4 


42 


0 


42 


(%) 

(2) 


23-25 


408 


9 


417 


86 


0 


86 


494 


9 


503 


(26) 


26-28 


382 


5 


387 


212 


0 


212 


594 


5 


599 


(32) 


29-31 


194 


2 


196 


159 


0 


159 


353 


2 


355 


(19) 


Over 31 


240 


I 


241 


152 


I 


153 


392 


2 


394 


(21) 


TOTAL 


1,262 


17 


1,279 


613 


I 


614 


1,875 


18 


1,893 


(100) 



Source: ProirRaM PImmIm Md Aulytis Group — MwpoMr Secliou, Nttioatl Rnevch Couacll ol CMUda. July ItTO. 

NOTE: Toltli In thii tiMn dUICr tlighUy from Ikoa In TnM* »-T. owiM (o dlRcrtncat la dtAMlion of loaw mdunw ptoirMH by NRC and 
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Figure 9-4- ENGINEERING UNDERGRADUATE ENROLMENTS 
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Figure 9-5 - ENGINEERING GRADUATE ENROLMENTS -ONTARIO 
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Student intentions should play a major role in 
determining the supply of graduate students. A 
rough measure of such intentions can be devel- 
oped from an analysis of student flows into gradu- 
ate studies. Table 9-7 reveals that, in recent years, 
48% of the Ontario engineering graduate stu- 
dents have been Canadian citizens. Table 9-9 
shows that, in any year, the ratio of this Canadian 
component to bachelor graduations from Ontario 
of the previous year rose during the early 1960s, 
levelling off in 1967, to remain relatively constant 
at approximately 80% . This last figure represents » 
the intentions of Canadian students, at the pres- 
ent time, to pursue graduate studies in the 
Ontario engineering schools and is based on 
bachelor graduations — the principal “feed” 
mechanism for these schools. 

Table 9-9 

Canadian Graduate Enrot.ment from 
Bachelor Graduations for the Ontario 
Engineering Schools 

(A) 



Academic 

year 


F.T.E. Graduate 
Enrolment — 
Ontario 


Canadian 
Graduate 
Enrolment — 
Ontario* 


(B) 

Ontario Bachelor’s 
Degrees Awarded 
Previous Year 


A/B 

Percent 


1961-62 


348 ‘ 


167 


705 


23.7 


1962-63 


416 


200 


707 


28.3 


1963-64 


558 


268 


705 


38.0 


1964-65 


728 


349 


682 


51.2 


1965-66 


851 


408 


708 


57.6 


1966-67 


1,158 


556 


810 


68.6 


1967-68 


1,482 


711 


869 


81.8 


1968-69 


1,764 


847 


991 


85.5 


1969-70 


1,893 


909 


1,142 


79.6 



* Assumed to be equal to 48% of total F.T.E. graduate enrolment, a 
figure that has only been confirmed for 1968-69 and 1969-70. 



Over the past decade there has been a rapid 
growth in eniolment at the graduate level and 
this has meant an upward sui^e in expenditures. 
The cost study, summarized in Appendix H, has 
revealed that, in many instances, the diversion of 
faculty time from undergraduate to graduate 
studen ts became excessive, particu larly when 
there was a high ratio of graduate to undergradu- 
ate students. For these and other reasons brought 
out in this report, it is felt that the “nu ahers 
game” in graduate studies should be curbed, and 
for the future graduate enrolments should be 
related more directly to the growth of under- 
graduate enrolments. 

At the present time, the intentions of Canadian 
engineering students to pursue graduate studies 
in Ontario can be accommodated while limiting 
such enrolments to about 80% of those receiving 
bachelor's degrees. A 10% minimum foreign 
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student enrolment has been recommended for the 
province's graduate schools.*® The study group 
agrees with this recommendation, and is allowing 
an additional 10% to permit some growth in the 
participation rate and for landed immigrants. 
Therefore, graduate student enrolments should 
be maintained at a level equal to the number of 
those receiving bachelor's degrees in the previous 
academic year. 

Figure 9-5 aud Table 9-10 summarize the 
recommended graduate enrolments for the period 
1968-80, together with the forecast of bachelor's 
degrees derived from undergraduate enrolment 
projections.*^ We recomm'md that: 

(9;1) over the next two years the estimated graduate 
enrolment of 2,000 for 1970-71 be reduced by 17%, 
after which graduate enrolment should be equated to 
the previous year’s bachelor graduations. 

Table 9-10 



Recommended Engineering Graduate 
Enrolments^ Provincially-Assisted 
Universities, Ontario, 1968-1980 



Academic 


Engineering Bachelor’s 


Recommended Graduate 


Year 


Degrees (previous year) 


F.T.E. Enrolm nt 


1968-69 


991 


1,764 


1969-70 


1,170 


1,893 


1970-71 


1,416 


2,000 (estimate) 


1971-72 


1,540 


1,800 


1972-73 


1,664 


1,664 


1973-74 


1,558 


1,558 


1974-75 


1,639 


1,639 


1975-76 


1,717 


1,717 


1976-77 


1,848 


1,848 


1977-78 


2,020 


2,020 


1978-79 


2,163 


2,163 


1979-80 


2,253 


2,253 


1980-81 


2,315 


2,315 



Ontario engineering schools would not be 
alone in curtailing graduate enrolments. At Har- 
vard University, it has been recommended that 
the Graduate School of Arts and Science reduce 
its enrolment by approximately 20%, to be 
effected over a five-year period. In the words of 
the President's Report for 1968-69: 

The committee felt that the number of gr uiu- 
ate students has become too large for i)ie 
faculty adequately lo instruct, that the need 
for large numbers to provide college and uni- 
versity teachers has become less pressing, and 
that the quality of our whole effort in this 
area could be improved by such reduction. . . . 

'H>ntario Council on Graduate Studies, Report of Iht Committee on 
Student Financial Support, August 1970. 

'’Lapp, Undergraduate Engineering Enrolment Projections, CPUO Re- 
port No. 70-1, 



The demand for engineering doctorates from 
the Ontario schools will be about 125 a year. It 
lakes a full-time doctoral student approximately 
three and a half to four years to complete his 
studies, and therefore at any one time the total 
number of doctoral students should be in the 
order of 450 students. The full-time master's 
student takes about a year and a half to complete 
his studies, so that the average number of fulb 
time master’s students will be about 1,400. From 
Table 0-10, the average annual graduate enrol- 
ment over the next ten years will be 1,900 F.T.E, 
students. The number of master's degree engi- 
neers entering the labour force should be about 
950 a year. (In 1969, there were 441 engineering 
master’s degrees awarded in Ontario.) 

Over the ten-year period, the number of mas- 
ter's degrees awarded will not be affected by a 
mixture of full and part-time students. The same 
number of students will be awarded degrees irre- 
spective of the mix, but with more part-time 
students a greater number can be accommodated 
at any one time. It was shown that 24% of all 
graduate students were enrolled part-time in 
1969-70, and this percentage has^ been increas- 
ing. Since over 70% of engineering gradu- 
ate students have had professional experience 
before returning to school, we expect greater 
numbers to avail themselves of part-time graduate 
studies when classes are programme*' at more 
convenient hours and wider use is mad'" of tele- 
vision teaching. We would encourage such a 
policy, particularly at universities located near 
til * larger urban centres where there are sufficient 
numbers of practising engineers. 

Part-time students usually pursue studies relat- 
ing either directly to their employment, or to job 
availability as seen by the engineer with experi- 
ence in the marketplace. Therefore, his field of 
study and class preferences should be an indicator 
of current market demands for engineers in in- 
dustries close to universities. It can provide engi- 
neering schools with a built-in mechanism for 
relating instruction directly to the needs of the 
practi.sing engineer. 

ENGINEERING AiANPOWER STATISTICS 

Table 9-11 is a partial list of the Canadian 
sources of data used in this study. 

Table 9-11 

Sources of Data on Engineering M/.npov er 

Government of Canada 

Department of Manpower and Immigration 

Dominion Bureau of Statistics 
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Department of Industry, Trade and Commerce 
National Research Council 
Defence Research Board 
Science Council of Canada 
Economic Council of Canada 
Government of Ontario 

Department of University Affairs 
Department of Education. 

Department of Trade and Development 
The Profession 

Canadian Council of Professional Engineers 
A.s.sociation of Profe.ssional Engineers of 
Ontario 

Engineering Institute of Canada 
Other professional Institutes and Societies 

In addition, both universities and industry 
provided the study group with a wealth of 
information. 

The most significant compilation of useful 
data on the characteristics of engineers is con- 
tained in the Department of Manpower and 
Immigration's 1967 Survey. Planners in educa- 
tion, industry, government and the profession 
need data of this kind on a regular and reliable 
basis in order that they may formulate plans and 
policies to assist in meeting their objectives. Such 
surveys should be conducted regularly in order 
to develop a pattern and to discern trends. It is 
important to have a knowledge of existing stocks 
but, in such planning, the recent flows into 
existing stocks are of more significance. Flow 
measurements require regular and periodic 
comparisons. 

The demand figures developed in this chapter 
are based on the existing pool of engineers and 
growth rates assumed for the next ten years. Both 
of these factors could change significantly owing 
to events that cannot be foreseen at this time. 
For example, there could be a major shift in 
emphasis towards the “survival" industry — that 
sector related to pollution control and abate- 
ment, or an even more intense growth than we 
have anticipated in the service sector. New and 
more refined demand projections require an 
assessment of technological change and public 
opinion, as weM as an evaluation of the economic 
and political climate prevailing at the time. Such 
projections are of critical importance in educa- 
tional and manpower planning, and should be 
conducted at regular intervals, perhaps every 
two or three years* 

Since the Canadian Council of Professional 
Engineers represents the profession at the 
national level, it is the logical body to coordinate 
periodic surveys and disseminate the processed 
data to the profession. The United States Engi- 
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neering Manpower Commission of the Engi- 
neers’ Joint Council performs such a task for 
the profession in the United States. It is funded 
by the sale of reports and publications, contribu- 
tions from industry, and government contracts. 
A similar organization is needed in Canada. 



Therefore, it is recommended that: 

(9:2) the Canadian Council of Professional Engineers 
explore ways and means of establishing a permanent 
Canadian Engineering Manpower Commission in 
order to provide national and regional data on engi- 
neering manpower in Canada. 



THE SYSTEM 



INTRODUCTION 

In Chapter 9 it was shown that the province's 
engineering schools can meet the need for engi- 
neers if there is a restructuring of existing 
entrance requirements. Once this occurs, the 
number of undergraduates should show a steady 
increase and by the end of the present decade 
will be up by more than 50%. We turn now 
to three questions that prompted this study. 

1. Are there too many engineering schools in 
Ontario? 

2. Can adequate provision be made for the 
anticipate numbers up to 1980? 

3. What should be the enrolment pattern and 
student distribution among these schools? 

The two major criteria in the light of which 
these questions must be considered are academic 
quality and instructional cost. These will be 



develc’^cd in order to establish a basis for deter- 
mining the size of each school in the system. If 
Ontario is to achieve a rational pattern of engi- 
neering education, it will be necessary to estab- 
lish enrolment quotas at the bachelor's, master's 
and Ph.D. levels. Individual institutions cannot 
continue to act independently in such matters 
— each must operate as a component of the' sys- 
tem. Such an enrolment plan, although based on 
considerations of both cost a.id quality, will 
permit the assignment of specific roles to 
each university — areas of activity that are 
consistent with regional, provincial and national 
requirements. 

COST CONSIDERATIONS IN 
ENGINEERING EDUCATION 

We anticipate that an increasing percentage 
of young people in the 18>22 age group will con- 
tinue to enroll in some kind of institution 
devoted to post-secondary education throughout 
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the present decade, with a significant proportion 
of such students tontiniiing their studies to the 
level of a master’s or dtKtoral degree. In addi- 
tion, aspiiations of the academic conimmiity are 
high and will account for steady pressure to 
improve standards of quality, facilities, teacliing 
loads, and salaries. 

This has been responsible for a substantial 
drain on the pnivincial budget. However, the 
time is fast approaching when the demands of 
higher education for inerea.sing financial support 
will outstrip the supply of available revenues. 
Taxpayers have begun to question the expendi- 
ture of our educational dollars, and to suggest 
that too little attention has been paid to such 
matters as efficiency and productivity.* 

The magnitude of educational expenditure in 
Canada underscores the urgency for efficient 
management and control. These are formal dis- 
ciplines that are elements in the execution of 
any plan. Successful planning is both qualitative 
and quantitative, and the advent of the modern 
computer has created a wave of enthusiasm for 
numerical analysis as a tool in the quantitative 
aspects. 

Quantitative methods can be used effectively 
in educational planning only when the factors 
involved can be mea.sured. The concept of cost/ 
benefit applied to an investment is inteUectually 
satisfying but we have grave doubts that it can 
appropriately be applied to educational planning. 
While costs can be measured with reasonable 
precision, benefits cannot — nor can all berefits 
be measured in the same dimensions. Yet cost/ 
benefit ratios, rates of return and present values 
have such an authoritative and satisfying ring to 
them — they are so facile, and a simple number 
is so easy to remember. This is where a real 
danger lies. The assumptions and hypotheses 
underlying such simple results are often forgot- 
ten, so that biases are developed and decisions 
made without appreciation of the ramifications. 

For educational planning purposes, benefits 
have be^^n measured in terms of lifetime earn- 
ings, discounted to some base year by assuming 
various inflation rates. Such benefits have a 
meaning for the individual only if he fails to 
take into account the intellectual and cultural 
benefits derived from his education. Career deci- 
sions made solely on the basis of differential 
earnings comparisons would drive all students 

*The Economic Councirs Sevtnth Annual Revitw the following: 
'*UnliI recent years, efficiency was largely a matter of feel and flair on 
the part of some dedicated educational administrators. But in the light 
of current and expected developments, it is important that more wide- 
spread, systematic and intensive efforts be aimed at increasing the 
effectiveness of these expenditures,” 
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into medicine or dentistry. For society, the 
rctiirn based on lifetime earnings docs not take 
into account the contribution of education to 
future economic groicth, cultural development 
or the quality of life. Furthermore, the measure- 
ment of lifetime earnings must be based on sur- 
vey data from cohorts that represent the full 
spectrum of careers resulting from any educa- 
tional program. In Canada, with few exceptions, 
such data are not yet available 

The study group debated at length the use of 
cost/benefit techniques in the planning aspects 
of this study, and rejected them on the above 
grounds. Aside from the lack of complete cohort 
salary data, we were unable to find any way of 
quantifying the otfier less tangible benefits in 
terms of dollars. We have resorted to quantita- 
tive methods in many other areas in an attempt 
to achieve a balance with qualitative argument 
and the oc:casional arbitrary judgment. 

In contrast to industry, where rising costs have 
been met by the adoption of automation and 
improved technology, education continues to be 
conducted in much the same fashion as it 
was a half-century ago. The increasing support 
accorded to universities over the past decade has 
made it possible for these institutions to add new 
curricula and new courses faster than the growth 
in enrolments could justify, and this has placed 
a limiting factor on their ability to concentrate 
effort in those areas where they might develop 
excellence. 

It should be fK>ssible to achieve greater effec- 
tiveness in the deployment of resources by the 
use of business methods, and a clear statement of 
realistic objectives could establish the basis for 
formulating the necessary guidelines. A systems 
analysis can reveal methods whereby universities 
could substantially improve their returns in 
terms of acaden ic distinction, and increase their 
output of trained engineers without any reduc- 
tion of either quality or standards, and without 
adding to the load being carried by individual 
faculty members. In future, administrators, 
deans and department heads will have to rely 
more upon quantitative methods of assessing 
performance in order to account to government 
and to the public at large for the effective 
expenditure of funds in meeting their specific 
objectives. 

While cost accounting in universities has not 
achieved any real degree of sophistication, efforts 
are being made to develop more refinec’ tech- 
niques in order to measure and compare the 
expenditure per student in different programs, 
both within a university and between univer- 
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si tics. Difficiilties arise in attempting to allocate 
costs between imdergradnatc and graduate pro- 
grams, Icxtiirc and lal)oratory work, large and 
small classes, teaching and research supervision, 
and between different departments and faculties. 
In evahiating any system of engineering schools, 
such comparisons must be based on a common 
method which takes into ac( ount as many factors 
as possible. 

An attempt was made t^ compute unit costs 
(the cost per student) for the Ontario engineer 
ing scliools, and this is suminc.rized in Appendix 
H.2 The cost study develops policy variables that 
could ])c used to advantage in the operation of a 
department or fac ulty. The most important vari- 
able is the average class size — defined as the 
ratio of the average number of students in any 
section to the num])er of faculty teaching in that 
section. Figure H-1 shows how unit costs de- 
crease with an increase in the size of the average 
class. Other policy variables were of less signifi- 
cance, but have been incorporated in the calcu- 
lation of unit costs. 

The cost study fcKUsed on the question of eco- 
nomic viability, and revealed that between 600 
and 1,300 undergraduate students is the optitnal 
enrolment range where unit costs are minimal. 
Such numbers apply to the existing structure 
where most schools offer frur or more separate 
programs. If economic viability is to be achieved 
in schools where undergraduate enrolments are 
less than 600, then fewer programs must be 
offered, or the curricula so structured that a rela- 
tively large proportion of classes is common to 
all or most programs. 

The average class size of engineering schools in 
Ontario in 1 969-70 was found to be 55 for the first 
year, 34 in the second, 20 in the third and fourth 
years, and 32 over-all (Table H-3) . As can be 
seen in Figure H-1, the average unit cost for 
undergraduates was higher by about 25% than 
the unit cost corresponding to the suggested mini- 
mum band. A 25% cost reduction could be 
achieved if the v>ver-all average class size were 
increased by 25%, because of the hyberbolic 
relationship between unit cost and average class 
size (Figure H-1) . Most first- and second-year 
classes are sufficiently lai^^ already, so that much 
of this increase should be taken up in the third 
and fourth years. A 25% cost reduction could be 
achieved by increasing the average class size for 
these years to 35-40 students. The number of 

niw dcitUt, inctudinf an example, are covered in the lource 
documeoi by Ivor W. Thompson and Philip A. Lapp. A Mtthod for 
Dtvt toping Unit Costs in Sducalionat Programs, CPUO Report No. 
70<3, December 1970. 
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students per instructor will be smaller in most 
laboratory and tutorial classes than in lectures, 
so that the total number students in a program 
will have to l)e larger than the average class size. 
The extent will vary, and we have chosen a figure 
of approximately 20% to cover the range of pro- 
grams typical of engineering. This would yield 
a size criterion of a minimum of 40-50 engineer- 
ing students gradiialing per year in each pro- 
gram.^ Using current attrition rates, the total 
enrolment in all four years would have to be 
209-275 students per program. 

The first year usually is common to all pro- 
grams, with one school (Western) having a 
common first and seco’id year, and another 
(Carleton) ha^ ng a common first three years. 
Guelph has developed what is essentially a one-- 
core program with elective courses throughout all 
years. If there is a common curriculum for the 
earlier years, class sizes can be maintained at 
reasonable levels. However, if the smaller schools 
proliferate programs, excessively large classes 
would be required in the years common to all 
programs for them to balance the small classes in 
the latter years, and so maintain a minimum 
average class size. 

There is an upper enrolment limit beyond 
which unit costs will again increase, as fhown in 
Figure H-2. In schools where total undergraduate 
enrolments exceed 1,300 students, sectioning 
policy in the earlier years is the principal factor 
affecting unit costs. As a school increases in size, 
first- and second-year classes expand until section- 
ing becomes necessary, causing a sudden rise in 
the unit cost. Schools in the minimum band (Fig. 
H-2) are passing through this kind of transition 
where the lower-cost schools have the largest 
freshman classes. Thus, in successive years, class 
sizes for the freshman year can suddenly be re- 
duced by as much as a factor of two. If classes are 
maintained close to the maximum size consistent 
with proper instruction, the unit cost curve would 
not show the well-defined minimum evident in 
Figure H-2. As total enrolments increase beyond 
2,000 students, there appears to be a tendency to 
section into even smaller classes, perhaps to com- 
pensate for the feeling of anonymity some stu- 
dents experience in the larger universities. In 
very la.ge schools, a complex administrative infra- 
structure develops which tends to grow out of 
proportion to the amount of instruction, thus 
affecting costs adversely. 

An examination of graduate programs shows 
that 55% of costs arise from research supervision, 

m»e MUM conclution wai reached by Dr. F. E. Tcrman in Engin€€ring 
Eduentton ist Ntw York, The Slate Educational Department, the 
Univertliy of the Slate of Sew York, Albany, New York, March 1969. 
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when assisted research^ is included, or 91% if it 
is excluded (Appendix H) . For the province as 
a whole, it would appear that over a twelve-month 
period the averajaje graduate student requires 
about 150 hours of a faculty member's time for 
such supervision. The cost of instruction, repre- 
senting less tl’uin 10% of the totai if assisted 
research is excluded, obviously depends on the 
size of graduate classes, but this influence is small 
when compared to the cost of graduate supervi- 
sion. Consequently, in contrast to undergraduate 
work, the unit cost of graduate programs does not 
vary signiflcantly with graduate enrolment. This 
applies to the average graduate program. It would 
appear that in universities where course-intensive 
master's degree programs prevail, less time is 
spent on graduate supervision, and hence the 
cost in such cases will depend more upon class 
size averages. 

QUALITY CONSIDERATIONS IN 
EN(;iNEERING EDUCATION 

While each of the factors affecting unit costs 
may bear a relation.ship to quality, they are not 
a direct measure of it, and hence it does not 
follow t^ U higher costs mean better quality. For 
example while very small class sizes result in 
high unit costs, they do not necessarily ensure 
high cdij'^ational quality. When classes become 
small, iriit costs will rise unless each faculty 
member carries ^ larg^'^ work load in order to 
inaintrin a productivity comparable to that of 
his tounterpart in a school with larger classe.s. 
In prac tice, unit costs vary over a wider range 
than d(> instructional loads, but in the smaller 
schools tiiere is a tendency to strive for lower 
unit costs by stretching these loads. Such an 
approach leaves faculty members less time to 
prepare lectures and probably dampens incen- 
tive to get on with research or to get involved 
in professional activities. Furthermore, in a small 
faculty, each member is expected to teach an 
assortment of subjects, and undoubtedly this will 
include some in which he is not fully qualified. 

When enrolments do expand to the point 
where sectioning becomes practical, quality is not 
necjssarily best served by dividing up tl e large 
classes. It is preferable for the outstanding 
teacher to be given a large class rather than force 
some students in a smaller section to suffer 
under an inferior instructor. As a general prin- 
ciple, the maximum number of students should 
be exposed to leading members of the faculty 

^Assisted reseirch If money received by • department to support gradu- 
ate student research over and above the amount received from operating 
formula income to the university. The sources vary, but most of such 
funds are provided by the National Research Council. 
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and thi.s cannot be accomplished if they teach 
only small classes. 

We do not .suggest that larger classes are 
always to be preferred, and there are some sub- 
jects that can only be taught in .small groups; a 
balance is necessary, but smaller classes do not 
lead automatically to higher quality. The real 
stature of a program depends more upon the 
calibre of the faculty than upon the size of the 
cla.s.ses. If outstanding teachers take on the larger 
classes it will permit lighter teaching loads to be 
assigned to these tcadiers, and without any loss 
in productivity. 

In the larger sch(K>ls it is possible to offer 
iii.struction in a wider variety of topic.s, and the 
student has a l>etter opportunity to explore indi- 
vidual intere.st.s. This cannot be done in the 
.smaller schools, because of the necessity to create 
common curricula and to restrict the number of 
electives. While this may appear to make it less 
attractive to the student from the standpoint of 
diversity, it should not create any disadvantage 
insofar as the quality of instruction is concerned. 

The cost study reveals that in schools with a 
relatively high ratio of graduate to undergradu- 
ate .students, there appears to be a tendency to 
divert re.sources into the giaduate school. When 
relative enrolments increase at the graduate 
sc hool level, a greater proportion of each faculty 
member’s time will be devoted to graduate 
supervision. Less time is available for under- 
graduate instruction, and some schools tend to 
increase class sizes at the first- and second-year 
levels rather than provide more teachers. The 
presence of a graduate school should enhance the 
quality of the undergraduate work, by inter- 
action among faculty, graduate students and 
undergraduates. However, it is essential that the 
commitment to the graduate sector docs not 
become disproportionately large. 

We have concluded that unit costs are not a 
real measure of quality. Higher undergraduate 
costs can result from either too small a school 
or an enhancement in the quality of piogram. 
A constant effort is required to ensure that the 
good teachers are in contact with the greatest 
number of students — at a minimum of cost. 

A final aspect in regard to quality and size 
is academic viability. In any discipline there is 
a minimum number of faculty below which 
instructional and research .synergisms fail to 
develop. The size of this “critical ma.s.s“ may 
differ among groups, but for each discipline a 
minimum figure of 10-15 faculty members 
appears to be realistic. Academic viability lies 
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( lose to the heart of iii.stnictioiial quality, for 
without it an engineering school cannot attract 
the kind of people to give it real distinction. If 
the present mulergradiiate student/staif ratio in 
the Ontario engineering schools (15; I) is appro- 
priate, enrolment of 150-225 students for each 
program u^ould he required lor academic viabil- 
ity — figures only slightly below the minimum 
set by cost considerations. 

DEPARTMENTS AND PROGRAMS 

In both Canada and the United States, engi- 
neering .schools have debated the wisdom of 
organizing faculties according to di.scipline as 
oppo.sed to program. Ontario universities appear 
to be of tl\c opinion that the classical subdivi- 
sions or disciplines of engineering are no longer 
exclusive, even though they may continue to be 
relevant. New programs are being developed, 
but to date only a few, such as industrial engi- 
neering, have achieved .sufficient stature to be 
looked upon as new di.sciplines. Most discussions 
of engineering organization lead to the concept 
of a matrix, with the columns icpre.senting indi- 
vidual disciplines, and the rows the individual 
programs. A student in any program will draw 
from all or ino.se of the disciplines, but the 
faculty is organized along disciplinary lines into 
separate departments. The study group can see 
no strong reason to suggest changes in this struc- 
ture. ^ The academic viability criterion suggests 
that any discipline or department group should 
contain at least ten faculty members. Students in 
a program as.sociated with this discipline would 
receive most of their instruction from that 
department, particularly in the third and fourth 
years. 

New interdisciplinary undergraduate programs 
can be established within the above framework, 
where each department provides the required 
service instruction.* Such programs are to be 
encouraged but should not constitute a depart- 
ment until cla.sses are sufficiently large and aca- 
demic viability has been achieved. Normally, 
such new departments should be formed from a 
nucleus of staff drawn from existing departments 
Cif sufficient size that they do not suffer as a result 
ci the separation. This would be a gradual pro- 
cess, where a group is formed from one or more 
departments and then works together in the new 
discipline for a number of years before separat- 
ing out to create a new department. 

‘Behavioural simulation studies conducted at M.l.T. showed that when 
a school is reorganized into widely disparate forms, it ultimately 
becomes re-aligned into forms where the classical disciplines arc 
visibly distinguishable. 

*For example, Engineering Science at the University of Toronto. 
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At first the class .size in a new program will 
be relatively small. If the sc:hool is large, the 
impact on the average class size will be negli- 
gible, but otherwise it can be quite significant. 
The .specialty need not involve the iiitrodiietion 
of new classes, if it makes use of cla.s.ses ofl’ercd in 
other faculties (c.g. engineering and manage- 
ment, where stu(«ents could enrol in existing 
classes in tiie Faculty of Busiiie.ss Administra- 
tion) . New programs introduced in this way do 
not seriously affeet unit costs, and ultimately may 
increase average class sizes if such programs 
attract more students into the engineering 
school. 

From the foregoing, it is po.ssihle to formulate 
conclusions about the best size for the Ontario 
engineering schools. Programs become economic- 
ally and academically viable when enrolments 
reach a level of alx)iit 200-275 students. A depart- 
ment should contain at least ten faculty members. 
New programs be introduced only when 

the average class size can be properly sustained. 
For Ontario schools with three or more programs, 
the minimum undergraduate enrolment should 
be 090-1,300 students. Enrolments of over 2,000 
undergraduate students should be discouraged 
since it is probable that in an attempt to overcome 
dehumanizing tendencies unit costs will rise. We 
have said that the number of graduate students 
in the system should be equal to the number of 
bachelor graduations of the previous year. While 
such a relationship is meant to be applied to 
Ontario as a whole, we are suggesting it as a guide- 
line for each institution, to ensure a reasonable 
balance between undergraduate and graduate 
studies. On the l>asis of the present attrition rates, 
the number of graduate students would amount 
to approximately 18-19% of the total under- 
graduate enrolment in the previous year, a figure 
that will vary from year to year and between 
mstitiition.s. 

ONTARIO ENGINEERING ENROLMENT 
DISTRIBUTION 

Total undergraduate enrolments are expected 
to grow from 8,500 in 1909-70 to 13,000 in 1980- 
81, and freshman int.ike should increase from 
2,700 to 4,000 students over the same period 
(Fig. 9-4) . 

Table 10- 1 shows the enrolment distribution 
for 1909-70, and the iumil)er of programs offered 
in that year in each school, together with the mini- 
mum size associated with these programs. The 
minimum size used for each program was 2Ub 
students; this figure is at the lower end of the 
suggested range, although it may be high for 
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T;il)lc 1 0-1 

Undkrgraduate Engineering Enrolments 
B v Universitv, Ontario 1909-70 



University 


F.T.E. 

UniJcr- 

liriulualc 

Enrolment 

1969-70 


Number 

of 

Undcr- 

uniduHlc 

Programs 


Minimum 

Viable 

.Sl/c 


Enrolment 

DeHciency 


Carletoii 




8 


600* 


62 


Cinelph 


ir,7 


1 


200 


43 


Uakehead 




1 


b 




Laiirentian 


•M 


8 


c 




McMaster 


528 


(i 


1,200 


072 


Ottawa 


:?()8 


4 


800 


482 


Queen's*^ 


l.lfiO 


(i 


1,200 


40 


T« iron to 


2,199 


8 


1,000 


— 


Waterloo' 


2,849 


4 


800 


— 


Western 


441 


r 


1,000' 


559 


\y ndsor 


402 


t 


1,400 


998 




8,220 






2,800 



8 First three yc>r» are commo (viable sire could be smaller), 
b First year only, 
c First and second yeai only. 

d Engineering chemistry, engineering and mathematics and engineer* 
ing physics not included in total, 
e Cooperative program. 

f First two years are common (viable ri/e could be smaller). 

schools witli a common curriculum lie/ond the 
first year. In considering enrolment deficiencies, 
it can be seen that out of the eleven schools in 
the sy.stem, only two are above the ininimur 
size (Toronto and Waterloo) , three arc close to 



the niinimiim (Carleton, Queen's and (Uielph) , 
while the rest are well below a minimiim size 
in relation to the niiniber of programs being 
olfered at the present time. On this basis it 
could be concluded that Ontario has move engi- 
neering progiams than can be justified by any 
criterion other than a need for geographic distri- 
bution. Yet, in spite of this situation, new pro- 
grams continue to be introduced, the need for 
whic h is highly questionable. 

An almost identical situation existed in the 
State of California when a similar study was 
undertaken in I9()8 by Professor Frederick E. 
Terinan^ of Stanford University. In his words: 

.Siuli prolifcnitioii of iiirridila is a iinivcrsai 
aiaiU im'i discaw. and the situation that exists 
in California is typical e\en if indofciisihle. 

Many California institutions would have 
stroMi;er eii^ineerini; programs if they ^a\e up 
some of the fields of engineering in whicn 
their enrolments are now very smalt and likely 
to remain so, and ntili/ed tlic resoimes thus 
releaseil to stren^llien other areas of eii);inccr- 
ill);. 'Mie Coonlinatiii); Council should );ive 
positive encoiira);ement for such action, even 
to coiisideriii); the jiossibility of exertiii); sub* 
siantial pressiiri for the elimination at indivi- 
dual institutions of existiii); curricula tliat tiave 
been );iven a fair trial and have failed to 
develop eiioii);!) following to justify tlieir 
existence. 

T. E. Term an. A Study of Enginering Education in California, 
Coorcitiating Council for Higher Educalion. Slate of California. 
March 1968. p. 58. 



Table 10-2 

Undergraduate Engineering Programs— Ontario 



PROGRAM 



CARLETON GUELPH 



LAKE- 

HEAD 
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Chemical 
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Xb 
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X* 
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X 
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Electrical 
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X* 
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X 
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X 


Mechanic al 
Metallurgy 
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X* 
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X 




X 
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Materials 

Indii.stria| 














X 
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Geology 

Mining 

Engineering 






X 
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X 






X 


Physics or 








X 




X' 


X 









Science 

Agriculture 

Engineering 

and 

Mniiagemeiit 

Systems 

Design 

a Offered for iht firit lime In 1970-71. 

(>0 



X* 



b Including Chcmiitry (Engineering). 
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Siicli a vicw|K)int can l)c said to apply to Ontario 
in the year 1970. 

The specific programs offered in Ontario are 
shown ill Table 10-2. It is appaieiit that coverage 
of siihjc( t material is ade(|iiate» and possibly more 
than ade(|iiate in the classical fields of chemical 
civil, electrical and mechanical engineering. /\ 
complete listing of degrees awarded in Ontario 
by institution and by discipline for the years 1901- 
1909 is presented in Appendix U. 

The geographic distrihiition of the Ontario 
engineering silKMils is illustrated in Figure lO-l, 
wliic h shows that the more |x>piilons regions of 
the province are well served. In the lieavily indiis- 
triali/ed area along the northwest shore of Lake 
Ontario there are no fewer than five s< Ikm>Is with- 
in a 100-mile span, while Ottawa has two such 
S( h(H)ls. All blit one of these schools are within a 
220-niile radius of Toronto — a four-hour drive 
on good highways. 

RECOMMENDED DISTRIHIITION OF 

ur der(;radiiate enrolments 

An examination of Table lO-l reveals five 
H'liools w here numbers are too low. and even witli 
an antic ip< ted biiild-upof enrolments (Fig. 9-4) , 
there will not be enough students in Ontario to 
ovenomr these deficiencies, it least until after 
I97.^>. Fnrtherinore» the distribution of enrol- 
ments will continue to l>e unbalanced unless 
steps are taken to limit the intake at certain 
schcK)ls, since it appears that students are being 
attracted to the well-established faculties, or to 
schools in the large urban centres. Unless the 
smaller s< hools develop ti) a viable size, the cost 
of engineering education in the province will con- 
tinue to be higher than it needs to l>e and the 
quality will vary. 



For these* reasons, we shall rec otiiniend a reduc - 
tion in freshman intake at Toronto and Waterloo 
and the establishment of an upper limit on fresh- 
iiian enrolments at the other scIkkiIs, with the 
exception of Lakehead and Irtiurentian. for which 
new roles are recommended (sec page HO) . In this 
way. freshman intake will be redistributed within 
the system, and eac h sc IickjI c an grow to a viable 
size in the shortest |>ossihle time. Table l0-!l snm- 
inari/es the rec (immended upper limits for fresh- 
man intake at each school; if imdergradiiate 
euro Mient projec tions arc correct, then by insti- 
tuting t!ie recommendations in l!)7l-72, tlu*se 
limitaiions should be reached in all scIkmiIs by 
1 980. There is no justific'ation for another engi- 
neering sdi(K)I in the provinc e until after I9H0, 
and then only if it can be intrcKluced as a part of 
the total system. 



Tabu lO-.S 

Recommended Fresuman Intake 
O. vi'AKio E.ngineering Sciiooi.s 1971-1980 



University 


AppfOHimaic 
l-'rohmin 
Intake 
1970-7 la 


Caricton 


220 


Guelph 


47 


Lakehead 


48 


Uiiireiitian 


4(i 


Me Master 


2.i.'i 


Ottawa 


100 


Queen's 


.I7:i 


Toronto 


f»(i0 


Waterl(M) 


(»7I 


Western 


ir.r. 


Windsor 


120 


Totals 


2.084 



Kccom* 

mended 

Masimum 

l're%hman 

Intake 

t97M9W> 


Apmalmate 
Mady 
State Slit a 
Mailmum 
Intake b 


400 


1.2.50 


150 


500 


0 


;ioo-f-‘ 


0 


O'* 




1 ,fi(X) 


4 X) 


1.250 


.^)0 


I.(i00 


oOO 


2.000 


(»r»o 


2.200 


4(M) 


1.2.50 


400 


1.2.50 


4.000 


KS.200 



If the upper limit of enrolment, based on cost 
and academic viability, for any school is to be 
2,000 undergraduates, and if by 1980 about 
Li,000 of ihetn are it. the system, then only seven 
schools would be required. But there are special 
regional needs, and experience has shown that it 
takes ten or nio*v years to build a strong engineer- 
ing school. Therefore, throughout the 1970s those 
schools l>elow critical size should bo preparing 
themselves for continuing growth into the 1980s 
while the others either reduce niinil>ers or hold to 
present figures. There arc good reasons for retain- 
ing more schcxils than a minimum of seven, and 
the smaller schcxils must strive to attain miniimim 
viable enrolments as rapidly as possible. They 
should limit the number of their programs and 
develop strength around one or two specialties. 
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a A% of mid-Septemher 1970. 

b A»kumint aitriUon ratci do not change appreciably from those at 
present. 

c Recommended new two-year degree program for diploma technology 
graduates. 

d Recommended that engineering studies he phased out by 1972. 

Past enrolments fo* each school and recom- 
mended structures for the future are sliown in 
graphical form in Appendix H. This pattern is 
based upon criteria that stem from acadeiiiiccon- 
siderations and operating revenue, and not on the 
capacity of the physical plant. Already, certain 
schools are limiting enrolments because of a lack 
of facilities (e.g. Queen's, Toronto and Water- 
Icx)) . The ,'^ctual pattern of future growth will 
depend upon the available capacity of each 
school. At the present time there are some with 
surplus space which should be filled before any 
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f.'uilitics nrc extended. For this reason it svill be 
rc( oiiiniended that, until the student population 
in the sy^ein builds up. Toronto and Waterloo 
restrict freshman intake to 000 and OfiO students 
respec tively, svhile Queen's holds at about 400 
students. 

No attempt has been made to undertake a 
c]uantitative assessment of the fac ilities required 
l>y the Ontario engineering* sc hools; tlieir present 
holdings are summari/.ed in Appendix E. A 
detailed study is being conducted by the Com* 
mittee of Presidents of Universities of Ontario 
and the Ontario Department of University Affairs 
on a c apital formula covering all faculties. It^vill 
establish capital requirements for each type of 
student in the system and ; mechanism for the 
funding of universities on an equitable basis. It 
is to be hoped that such a formula will make it 
|K)ssil)le to evaluate the requirements of each 
engineering .schex)!, and to plan its expansion 
ami refurbislnnent in li.iv v.*uli the enrolment 
growth patterns suggested in this report. 

RECOMMENDED DISTRIIUITION OF 

(;radu\tf enrolments 

Tal)le 10*4 shows the present enrolment distri* 
bution of the 1.89.1 F.l .E. graduate students in 
19(19-70. On the basis of the projec tion in Figure 
9*.^). it has been rec onmuaided that the total num- 
ber be reduc ed to 1,000 by the year 197S-74, We 
have suggested that giaduate enrolments in each 
institution follow essentially the same pattern as 
reconnnended for the province, and therefore 
the future distribution of graduate students 
would stem frcmi the number of baclielor's 
degrees awarded. 

.Vppeiidix l\ cc)ii tains a tabulation of bachelor's 
degrees and graduate enrolments for the past ten 
years, by institution and by discipline. Figures 
H-2 to 1M2 were construc ted from these data and 
include total undergraduate and freshman enrol- 
ments at each cngineeiing sc'h(X)l. The number 
of bachelor s degrees to the year 1974-75 was esti- 
mated from the freshman intake using the recent 
i ttrition ptteriis of eac h sc hool. Thes * estimates 
are based on the assumption that fiitim how rates 
of diploiuii technology graduates into s.cond year 
Mvill not signiruantly alter attrition patterns, at 
least for the next two years. Table 10-4 lists the 
estimated miinber of bachelor degrees to be 
awarded at eaci institution in 1973, clerived frrm 
Figures B-2 to U-12. 

This distribution provides a reference for es- 
tablishing graduate enrolment quotas < jr the year 
1973-74, also shown in Table 10-4. Queen’s Uni- 
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10- The System 

versily :intii ipates a graduate enrolment of 180 
students in that year, a figure that is below the 
(litciion «lerived in (’hapter 0, hnt consistent 
with its present five-year plan. Numbers some- 
what larger than those suggested hy the guideline 
are recomiiieiided for Toronto and McMaster, 

Table 10-4 

RkcoMMKNDKI) (iKADIJATK ENOINKKRINr, 

F.nroi.mkm Di.stribivi ion 107!I 74 

F.shm.'ilcd Recommended 
I T,!:, Bachelors F.T.E. Recommended 
Graduate Dettree<t Ciraduate Ph.O Fmol- 
I'.nrolmeni Awarded Enrolment® ment 



InsiiluUon 


IV6V-70 


1V7.1 


I97.V74 


1V7.V74 


Carlcton 


11.') 


115 


115 


00" 


Cttaw.i 


l.'if) 


90 


90 


McM.ister 


184 


120 


1.50 


45 


Cdielpli 


2.‘1 


.^0 


30 


0 


Queen's 


108 


2.50 


180 


55 


Toronto 


02’) 


440 


480 


10.5 


Waterloo 


450 


38.5 


385 


125 


Western 


79 


90 


90 


0 


Windsor 


87 


80 


80 


0 


Totals 


1.89:i 


1,000 


1,000 


4.50 



a Both masters and Ph.D. tiudents. 
b Joint program (to be recommended in Chapter II). 

particulnrly in view of their lcx*ation in large 
iirhan areas of continuing growth, and the 
strength of their graduate programs (see Table 

The study group is concerned over the rapid 
growth of Ph D. studies in Ontario. Of the 1,893 
graduate students in 1909-70, more than 000 were 
dcK'toral candidates. We have recommended that 
the total numl^er of such studenu in the system 
not exceed 450 a year until this figure is updated 
at he next review. The recommended distribu- 
tion of these doctoral candidates is listed in the 
last column of Table 10-4, and is discussed fur- 
ther in Chapter 1 1. 

The riroin mended enrolment growth of the 
graduate sc hools up to 1980-81 is shown in Figure 
9-5. If the niimher of doc toral candidates remains 
constant at 4.50, the enrolment :ii master's pro- 
grams will grow from 1,150 F.T.E. students in 
1973-74 to 1,150 in 1980-81, when about one 
graduate stuc^eiit in five would be a dcxrtoral can- 
ciidatc. Over the present decade, the pattern of 
growth will lie determined in large part by the 
flow of freshmen into each engineering school. 



FINANCIAL IMPLICATIONS 

One of the defects in formula financing is that 
it makes provision for financial support by sane- 
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tifying current trends without questioning 
whether they are desirable in the light of social 
needs. This has induced the universities to 
indulge in an almost immoral “numbers game**, 
resulting in distortions which are now becoming 
apparent. For this reason, it is necessary to con- 
sider the financial impact of some of the recoin; 
mcndatioiis in this report, if formula financing 
is to be ( ontiniicd in its present form. 

A reasonable annual expenditure for the edu- 
cation of a doctoral candidate is about $17,500 
($10,000 from formula income, $7,500 of asso- 
ciated costs) . The suggested reduction in enrol- 
ment of doctoral candidates will result in a saving 
of about two million dollars, some of which 
should be made available to assist in implen^ent- 
ing other recommendations in this report. How- 
ever, as the system now stands, the loss of formula 
income from operating bucigetb of the univer- 
sities will represent hardship, rather than oppor- 
tunity, as the engineering schools adjust to their 
newly defined roles. For this reason, the operating 



formula will have to be restructured if the recom- 
mendations of this report are to be implemented. 

Alteration of the formula will have to be such 
that there can be a smooth transition from the 
existing structure to the developing new system. 
Difficulties are bound to be encountered,^ since 
the present formula is retrospective in character, 
while our recommendations are prospective. 
Until there is some indication of the actual tim- 
ing of the implementation of these recommenda- 
tions, there is little purpose in suggesting new 
and less simplistic formulae. Certainly they will 
involve increasing the weight of the basic income 
unit accorded to the engineering undergraduate, 
wit!i a probable decrease in that allocated for 
doctoral studies. We strongly recommend that; 
(V0:1) it is essential that changes in the formula be 
considered concomitantly with the development of the 
system. 

•'*A problem emerges, however, if these weights are upintenionally out 
of line with actual unit costs, or if there is a substantial difference 
between average and incremental costs. In such a situation, the univer- 
sities may tend to stress those programs which are overweighted in 
order to get extra money.” Economic Council, Seventh Annual Review, 
p.69. 
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UNIVERSITIES IN THE SYSTEM 



We have recommended an enrolment distribu- 
tion for the system that we believe to be consistent 
with cost and quality considerations, and also a 
pattern of growth to ensure that individual 
schools attain viable size in the shortest ijpssible 
time. This has established an external configura- 
tion which permits a moreMetailed assessment of 
the internal structure of each school in order to 
meet the over-all educational objectives of the 
system. 

We have said that t.^iere appears to be no com- 
pelling reason to alter the traditional branches 
of engineering which have been developed over 
the past century. They should continue to be 
offered to engineering students, particularly at 
the long-established schools and those in large 
urban centres where en""olment pressures will be 
most severe. Therefore, we will recommend that 
a full spectrum of engineering programs continue 
to be offered at four universities. In addition, cer- 



tain areas that may have been somewhat 
neglected in the past now demand attention and 
should represent focal aieas of importance in the 
immediate future. The location of two engineer- 
ing schools in the nation’s capital, close to govern- 
mental research facilities, constitutes a special 
opportunity. We shall recommend that they be 
assigned a cooperative common role specializing 
in info, "tion systems engineering, and with a 
joint doctoral progiam making use of federal 
laboratories. Three others should specialize in 
environmental engineering, liberal engineering 
and agricultural engineering. In the north, there 
should be a new two-year program designed for 
graduates with a diploma in technology, to pro- 
vide for regional and provincial needs. Engineer- 
ing should be discontinued at one university. 

In this chapter, these and other recommenda- 
tions relating to the system will be developed. 
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UNIVERSITY OF TORONTO 

The Faculty of Applied Science and Engineer- 
ing at Toronto is the oldest-established program 
of engineering education in Ontario. The basis 
for a “School of Practical Science” at Toronto was 
laid down in an act of the provincial government 
in 1S7‘^ Although originally conceived of as a 
.separate institution, in 190b the “School” for- 
mally became the university’s Faculty of Applied 
Science and Engineering. Today, it has more than 
15,000 living graduates, who represent nearly 
one-sixth of Canada’s professional engineering 
community. The present enrolment of 2,824 
ranks it as one of the largest schools on the conti- 
nent, and all Canadians can take pride in its 
achievements and international reputation. 

The study group was impressed by the close 
association between engineering and the other 
faculties at the University of Toronto. In our 
visits to the universities, no other engineering 
school appeared to have more satisfactory inter- 
actions with other faculties in boi.i; research and 
teaching. 

Today, this engineering school is in a position 
to engage in innovation as applied to teaching 
• techniques and ways to extend the outreach of its 
faculty — not only to other universities, but also 
to the community, industry and society. It has 
been devoting a good deaUof attention to the 
£eaci.-ng of iirst-year .students, and to the use of 
mo:c senior and cxperitnr“d members of the 
engineering faculty in teaching iirst- and second- 
year mathematics and science. Proposed changes 
in cinricular patterns tob^ introduced oy 19/1-72 
may well establish useful guidelines for some of 
the other schools. In re.e:irch, cooperative proj- 
ects such as the radio astronomy program with 
Queen's University and the transportation pro- 
gram with York University are commendable and 
should be encouraged The team approach to con- 
sulting work on the part of the Toronto faculty 
has had an impact on the growth of secondary 
industry in Canada, and the current development 
of entrepreneurial interest among its /acuity 
could stimulate further “growth” indurfry in 
Ontario. 

There appears to be a maximum size within 
which human and physical resources can be dis- 
tributed efficiently and our study has shown this 
to be approvimately 2,000 undergraduate stu- 
dents, which corresponds to an annual freshman 
intake of 600 students. (Toronto's present limit 
on freshman enrolment is somewhat higher than 
this — 669 early fall registrations in 1970 (Fig. 
B-9) . The recommendation for graduate enrol- 
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ment is 480 students, uhicli Iik liulrs Ki5 doctoral 
candidates; sik h IcvcI.s should enable the faculty 
to maintain excellence. 

In summary, it is recommended that: 

(1 1:1) the University of Toronto continue to offer a 
full spectrum of engineering program . but that, start- 
ing in 1971, it limit freshman intake to 600 students 
a year, and reduce graduate enrolment to 480 stu- 
dents, including no more than 165 doctoral candidates 
by the 1973-74 academic year. 

QUEEN'S UNIVERSITY 

This Faculty of Applied Science is the third- 
oldest engineering school in the province. 
Undergraduate enrolment has been growing 
steadily and in 1969-70 there were 1,360 stu- 
dents (Fig. B-8) . Queen’s has been limiting its 
freshman intake over the past four years to 
approximately 370 students, so that total enrol- 
ments should level off at about l,40C early in 
the 1970s. 

Founded in 1841, Queen's is an old and well- 
established institution. It has an illustrious his- 
tory of scholarship and service, with the threads 
of Scottish pragmatism and conservatism woven 
into the very fabric of the university. These 
have provided the necessary strength to over- 
come difficult periods in the past, and to impart 
to its make-up a reputation and stability shared 
by few other universities. The Queen's Alma 
Mater Society, one of the strongest in Canada, 
hjs a membership list that reads like a “Who's 
V/ho' of the builders of our nation. 

These threads of conservatism are apparent 
in the development pattern the Faculty of 
Applied Science, particularly at the graduate 
level. Over the past five years, undergraduate 
enrolment has run parallel to that of the prov- 
ince, but the number of graduate students has 
risen more slowly. Today, its graduate school 
enrolment is 12.3% Ol its undergraduate total, 
compared to 22.2% for the province as a whole. 

While we believe the growth in engine ving 
graduate studies should be curbed and have 
recommended that other schools reduce graduate 
enrolments, we believe graduate student num- 
bers at Queen's should increase slightly in order 
to achieve its planned target of 180 by a 973-74, 
with no more than 55 doctoral candidates. 
Queen's should continue to offer the full spec- 
trum of undei^raduate programs, and at the 
s'^me time its graduate school should strive to 
develop greater strength and stature. 

The recent formation of the Canadian Insti- 
tute of Guided Ground Transport is an imagi- 
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n.itive (oncept, and an excellent example of 
rooperation hetueen university, industry and 
government. The location of this university, 
away from the major urban eentres, recpiires 
suc h spec iai efforts to extend i^s outreac h into 
Canadian industrial and ac ademic life. 

First- and second-year students coinplained 
that fundamental eonises were taught not by 
engii eers, Imt princ ipally by memhers of stience 
and matheniatirs departments, and further that 
such classes were too large. We suggest that 
greater atteiuic^n he focused on tliese earlier 
years. The freshman intake is now limited to 
.‘170-100 students. This pattern should continue 
for the next five years in order to permit other 
sc hools in the system to develop, and tc^ provide 
time for Queen’s to answer these criticisms. 
Between ni7r> and 1980, the freshman intake 
should he allowed to increase to 500, a figure 
consistent with the role of Queen’s as one of the 
province’s four major schools coffering a hroad 
range of engineering disciplines. 

Its mining enginecrir*^ program is the only 
full course in this field being offered in Ontario. 
The present shortage of sucli engineers suggests 
that this department should he given special 
attention. There is need for a new mining build- 
ing, and we would urge nat in the Jevelopinent 
of this important ac tivity, there oe additional 
I ooperation wiMi the Ontario mining commi?- 
iiity. In particular, we recommend that; 

(11:2) a three-way cooperative program between the 
university, Cambrian College in Sudbury, and the 
mining industry in that area be thoroughly explored. 

.Such a program could combine work experience 
with specialized classes in mining technology 
and thus provide aspiring mining engineers v ith 
a combined educational experience in a region 
of the province where they may be employed. 
(See pngeSO) . 

^ iinmary, we recommend thrt: 

(1a:3) Queen’s University continue to offer a full 
spectrum of engineering programs while maintaining 
an annual freshman intake no greater than 400 stu- 
dents until after 1975, and then increasing this figure 
to 500 students a year. For^'jer, we recommend that 
engineering graduate enrolments increase slightly lo 
180 students by 1973-74, which would include no 
more than 55 ih^oral candidates. 

UNIVERSITY OF WATERLOO 

In July 1957, the Faculty of Engineering 
introduced Canada’s first cooperative program. 
It has become the largest undergraduate engi- 
neering school in the nation, with an enrolment 



of 2,IH9 students. To(l;*y, it ranks among the five 
largest ( ooperative engineering schools in North 
.America, and this rapid growth attests to its 
popularity. 

Undergraduates spend alternate terms in the 
university and in industry, and over a five-year 
period devote eight terms to study and six teinis 
to industrial employment. Such a program, 
mii((iie in Ontario, has proved to be a refresh ing 
departure from the conventional pattern that 
prevails among the other schools in the province. 
Both industry and the academic connminity have 
enthnsiastieally endorsed the precepts underly- 
ing the cooperative system of cuigineering edu- 
cation. This requires extensive contacts with 
industry and other employers of engineers, and 
is carried out by the Department of Co-ordina- 
tion and Placement, which has developed a net- 
work of employers within Ontario and through- 
out Canada, New cooperative programs are being 
introduced in other provinces, which may cut 
into the employment market for Ontario uni- 
versity students. In times such as at present, with 
some scarcity of employment opportunities, the 
market for cooperative students will become 
saturated. For these reasons, we recommend that: 

(11:4) Waterloo continue to be the only engineering 
school o^ering a cooperative program in Ontario 
throughout the 1970$, and that its engineering be 
limited to this type of program. 

Since 1900, Waterloo has experienced the 
highest growth rate in the j/stem, with an in- 
crease of more than 200 students a year (Fig. 
B-10) . At the present time, freshman intake is 
being limited to an average of 072 students 
(Table B-2) , so that future growth will be 
restricted. We have suggested that an engineer- 
ing school can become too large, and that enrol- 
ments of more than 2,000 students should be 
discouraged. This view was shared by a Com- 
mittee of The Engineering Faculty Council at 
Waterloo, who r. ported in 1903: 

riurc woul;l br little Trther advantage in 
terms of stale and etViciviicy in any enrolment 
larger than 2,000. The only possible advan- 
tage would be the ability to “cover’* more 
specialized discipl’pvs with the corresponding 
growth in faculty numbers. Rut this w'ould 
only be achieved at the expense of increasing 
anonymity amongst students and members of 
the faculty. 

It goes on to say that efforts should be directed 
towards improving quality among the under- 
graduates, and that, “while other engineering 
schools i t Ontario operate with enrolments well 
below capacity, such action at Waterloo would 
cause no distress or suggestion of disservice to 
the public that supports the university." 
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Waterloo has hem olFcrlns lour undergradu- 
ate engineering programs — ( lieinieal, civil, elec- 
trical and ineclianical — and now offers a new 
program in systems design. It is interesting to 
note that its ol)je( tives have been met l)y pro- 
viding r)!ily tin* lour basic branches of engineer- 
ing without in ibitiiig grt)Wth. 

The expaii.si /a has l)eeii ecpially spectacular at 
the graduate level. Starting with eight students 
ill I9()0-I)l, enrolment has risen steadily to 4 .j() 
KT.E. students in l9(i9-70, It is understood lliat 
the s( bool intends to restrain further growth, so 
as to consolidate this effort at a level comparable 
to what was recommended in Chapter 10. 

For these reasons, we recoiniiiend that: 

(11:5) Waterloo continue to offer a full spectrum of 
undergraduate engineering programs, but restrict its 
freshman intake to 650 students* Also we recommend 
that by 1973-74 tota^ graduate enrolments be reduced 
to 385 students with no more than 125 in doctoral 
programs. 

Engineering at Waterloo is entering a period 
of relative stability when increasing attention 
should be focused on excellei re in teaching and 
research. As a young school, it has little in the 
nat ire of institutional traditions that might fet- 
ter its ability to experiment and to innovate in 
teaching methods and research directed toward 
solutions to regional and national prol)Ienis. 

Ii: Chapter!? (page 10) we advoc:ated that one 
engineering school in (Ontario become a tech- 
nical university, with its own .Senate and Board 
of Ciovernors. .\t Waterloo, the Faculty of Engi- 
neering has an opportunity to undertake such an 
experiment. In its formative years, as a young, 
large and vial)le faculty, it experienced little dif- 
ficulty in developing and sustaining policies con- 
sistent with its goals and objectives. Now it has 
arrived at a consolidation phase, and the contin- 
uinggro\/th of the university around it will tend 
to have a stultifying influence at a time when 
administrative flexiliility may be crucial to its 
leadership and pursuit of excellence, ^^oreover, 
in its submission Waterloo suggested that a good 
ca.se can be made for the setting up of a separate 
technical university **u\ view of the particular 
structure and attitudes in Canadian universities 
today’’. 

Of course, undergraduate engineering * pro- 
gre ns must depend on other faculties for serv- 
ice instruction; furthermore, interdisciplinary 
studies and research should be a characteristic 
of any modern university. Engineering students 
have empha*:Ized the benefits to be gained from 
associatinf; with students in other disciplines. 
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Consc(iuciitly, there is need for (io.se alliliation 
between the antonomous engineering school and 
the university in this proposed arrangenieut. This 
could l)e accomplished by cross-appointments in 
those di.sciplines normally assoc iated with other 
faculties, and by the purehase of service leach- 
ing where cross-appointments are not pra( de al. 

We recommend that: 

(1 1:6) the Faculty of Engineering at Waterloo under- 
take negotiations to enable it to be reorganized into 
a technical university, with a separate Board of 
Governors and Senate, but in affiliation with the 
University of Waterloo. 

Mc>[.A.S TER UNIVERSITY 

The Faculty of Engineei iiig was established in 
19.57 on a firm base provided by the strong depart- 
ments of physics and chemistry; it is an element in 
the Division of Science and Engineering. Under- 
graduate enrolments have grown steadily at an 
average rate of 42 students a year, and there 
were .504 undergraduates in 1909-70 (Fig. B-fi) . 
Although lcK:ated in a major urban centre, it is 
straddled by the two largest engineering schools 
in the country — Toronto to the east, and Water- 
loo to the west. Further to the east is Queen’s, 
and further to the west is VVestern, and all have 
had an adverse effect on the growth of McMa.ster’s 
undergraduate enrolments. We have reconi- 
inendM a curtailment in the freshman intake at 
three of these schools (Queen’s, Toronto and 
Waterloo) , wnich should channel more freshmen 
into McMaster. Since Hamilton is a rapidly 
expanding industrial region, the commuting stu- 
dent population should experience a suhstaniial 
growth. 

Mc\faster offers six undergraduate programs, 
with two of them (metallurgy and engineering 
physics) in cooperation with departments In the 
Faculty of Science. A seventh, engineering and 
management, is being operated jointly with the 
.School of Business. Such com))ined programs 
tend to enlarge class sizes and render them more 
economically viable. 

We have recommended that Queen’s, Toronto 
and Waterloo continue to offer a full spectrum 
of undergraduate programs. These schools should 
account for a otal of 5,800 students, which is only 
44% of the anticipated Ontario i.rdergraduate 
enrolment for 1980. We believe a strong argu- 
ment can be made for adding McMaster to this 
group. 

The growth in McMaster's engineering gradu- 
ate enrolment has been rapid; from eight gradu- 
ate students in 1960-61 to 184 in 1969-70, Today, 
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ic is die diinl-hir^est siu li gnidii.itc .school in the 
province, with n si/e representinp^ .‘U).r)9f of un- 
dergnidnaic enrohnents — considcrahly more 
chan the provincial average. The viialiiv of its 
activity is well demonstrated in Tables .VI and 
.V2. 

In simnnary. \w re( onmiend diat: 

(11:7) IMcIMaster continue to offer a full .spectrum of 
engineering programs, while increasing its freshman 
intake to 50(1 students a year, but that by 1973*74 the 
number of its graduate .students be limited to 150, 
including 45 doctoral candidates. 

CARU*. ro.\ r.MVKRsn V 

The undergiadiiaie program at Carleion. no^v 
in its tenth ‘ar. is made iij) of three years of 
study ill a ( ominoib( nrc* nirric iilnin folloued by 
a single year of spec iaii/ation in civil, electrical 
or mechanical engineering. This arra cement is 
nni(]iie in Canada. WHiile rigid in structure, it 
docs make possible ( ertain economics. The great 
majority of Cavlelon slndenls whom we inter- 
viewed e.\pres.sed satisfac tion ^vith their c nrricn- 
Inm. and some vietved trith concern the recent 
introdnc'tion in the second and th ird year of an 
engineering or sc ieiic e elec*ti\ e wh ich could repre- 
sent a deviation from the pattern. The present 
program is sonncl. sne e essfnl and distinc tive, and 
althongh course content and sequenc e do require 
a continual evolution, .uy dismantling of its l)asic: 
strncune ^vonld be a oss to the Ontario system, 

I'he popniaritv of Carleton s present engineer- 
ing program is rellec ted in the pattern of its enrol- 
ment (Kig, B-2) , .Although the City of Otta^va 
shares two engineering schools — Carlcton and 
Ottawa — the two .sc hools diaw from constitu- 
encies that overlap only sliglnb. The students at 
Carleton are F.ngiish-speaking. while the students 
at Ottawa are predominantly hilingnal. For tliis 
reason, the alternative to Carleton tends to l.c 
Queen’s, not the University of Ottawa, Queen’s 
has maintained its freshman cinohnent at a fixed 
level sinee Hhi.a, and we have recommended that 
it continue this pattern. Carleton ‘s freshman 
int.ike is rising slowly, and should continue to 
rise throughout the 1970s. Ultimately, an inc reasc 
in nndcrgiadnate enrohnents at Carlcton will he 
limited by population g1*c)^vth in the Ottawa re- 
gion. It is dillienlt to predic:t what this will he, but 
we have rccommeiulcd that Carlcton limit its 
freshman intake to 400 students a year (Table 
10-4) . a figure that could be reached in the pres- 
ent decade. Graduate enrolments at Carleton 
have grown more slowly but have already reached 
the level recommended for 1973-74 in Chapter 10. 
(Table 10-4) . 



It is unnecessary for eac h Ontario sc hool lo 
olfer a full range of engineering progianis as long 
as there is a snilicient variety of programs ^vithm 
the system. This has l>een ensured by onr recoiU' 
meiidation that Toronto, (.Inecn's, Waterloo and 
.Me Master ('oiitiniie to cover the* full spec triim, 
maintaining raailty and departments in a broad 
range of disciplines. 44iis will leave each ol the 
remaining sc bools in a position \v|iere they van 
spec lali/e and com c ntraie resonre es in one or i\vo 
major areas — selected o i the basis of regional 
and national needs that are not !u*ing adequately 
ser jcl at the present lime. In this way. resources 
^vill not be spread over such a wide range of 
activities that effort would be nndniy diluted. 

Ill Chapter a (page 24) wc suggested that 
researc h in the fielcl of information .systems engi- 
neering ^vill be of paramount importanc e in fn- 
tnre. and that such a role .should be a.ssigtied 
jointly to Ca'leton and Ottawa m.iversities. The 
proximity of government laboratories and indus- 
trial faeilities serves as an added incentive to 
generate meaningful interaction between these 
institutions and the universities. Initially, v.ork 
in this field should be c onceutrated at tlic gradu- 
ate level, with a joint dot (oral program shared by 
the two universities, ?)cforc becoming infn.sed 
into imdcrgTadnatc studies. At Carleton ihis 
c ould occur rapidly and efTic:icntly because ol the 
three ycar comiron-corc cnrricninm. Coopeia- 
tion with otner agencies would be a matter 
for n gotiation where the two universities act 
logcdier, 

^* 1 . nnnnary, we rccc.inmcnd that; 

(1 1:8) Carletoii retain its present undergraduate pro- 
gram structure, limit its freshman intake when it 
reaches a figure of 400 students a year and maintain 
graduate enrolment at 115 stu^jnts, including 60 
doctoral candidates to be shared equally with Ottawa. 
Further, we recommend that graduate student xtd 
faculty research b.- directed towards the field of in«or- 
mation systems engineering, and that Carleton explore 
fointly with Ottawa ways to collaborate with local 
governmental and industrial laboratories, for example, 
by means of a talk*back television network (Chapter 
4,p.lf>). 

TNIVER.SITY OF OTTAWA 

xjiginccringat the University of Ottawa can be 
traced back to 1873, but the modern phase in this 
development began in 194fi with the offering of 
tlie first two years of a degree program. This was 
extended to the full four years, and in I9.5(), engi- 
neering degrees were au^rded for the first time. 
Today the engineering .school forms part of the 
Facnityof Science and Engineering. 
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Students divide into three nearly equal ^oiips 
aceordiiis to mother tongue; FreiiHi, English or 
another language. The rosiiiopolitan mixtuie of 
both students and staff is a distinctive feature of 
the university. Undergraduates are required to be 
prolicieut in both French and English. 

Four undergraduate programs are being 
olfered — in ( hemical, ( ivil, elec trie al and iiiech- 
iuiical engineering. Enrolments are shenvn in 
Table IM and Figure B-7. In Chapter 10, we .sug- 
gested that a school is neither economically nor 
academically vial)le until tliere are at least 200 
students in a program. In 1000-70, Ottawa’s total 
undergraduate enrolment was !W)0 as complied 
to a minininm viable nninber of 800 students. 
Even if university projections are correct, this 
minimum si/e could not be attained until 107^i- 
7b; but a decrease in the 1070-71 freshman 
intake ove* the previous year docs not augur 
well for these projections. 

It would appear that a case can be made for 
either reducing the number of programs offered, 
eli’uinating engineering altogether, or creating 
a common-core curriculum similar to the pattern 
developed at Carleton. The last choice is the 
most attractive Iwause it presents a prospect for 
increased cooperation lietween these two schools, 
e.specially if they share a television network. The 
two schools bas e already begun to work together 
in civil engin^'ering at the undergraduate level, 
and graduate .students in each school receive 
credit for classes laken at the other. Howes cr, it 
was stated that a inajoi impediment to further 
cooperation is the difference in the structure ol 
unclergraduate programs. 

Ottawa graduate enrolments have more than 
doubled in the past two years, and have grown 
to a si/e disproportionate to that of the under- 
graduate school, but the arguments used in 
Chapter 10 led us to recommend a major reduc- 
tion from 15b students in 1909-70 to 90 sUidents 
by 1973-74. A joint Pb.D. program with Carle- 
ten in the field of information systems engineer- 
ing was recommended, and we envisage this 
as the field of specialization in the Ottawa 
undergraduate program — as recominviided lor 
Carleton. 

In summary, we recommend that: 

(11:9) Ottawa create a conmon-eore aadergrada- 
ate cunicuhiiii in a pattern similar to that at 
Carleton; smdnate enrolments be redne^ to 90 stn* 
dents by 1973-74, inchiding 60 doctoral candidates 
to be shared equally with Carleton, and gradnate 
student and facnlty research be directed towards the 
field of information qrstems engineering in a Joint 
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program with Carleton. Further, we recommend 
that Ottawa explore arrangements with Carleton 
for the installation of a talk-back television network 
that >uld include government and industrial labo- 
ratorie.H in the area, and would serve both under- 
graduate and graduate programs. 

recognize the diniciillics inlicrciit in these 
rec()mmeu(l;iti()iis but .ne .ittemptiiig to estab- 
lish the equivalent ot a single, strong engineer- 
ing school in the City of Ottawa — in effect, one 
unit with two branches representing the ba‘:ir 
linguistic and cultural dc/'Menees between the 
two institutions. 

l^NIVER .^ITY OF WESTERN ONTARIO 

\Wstern estabb iied a Department of Engi- 
neering 'sc ience in 195 b and its first degrees 
were award •(! (oi • years later. I bulergraduate 
enrolments reaelie^l a figure of 442 students in 
l9b9-70 (F’g. B-ll). Many of its students are 
drawn from soutin.cstern Ontario, wliicb has a 
relatively s able pc>pulation. However, quotas 
on intake econmieiidcd for tfie larger schools 
should increase ihe student flow from other 
parts of the proviiii ' 

It has a comnioii-(.ore engineering cun iiulum 
in the first two years. Itli three optional streams 
in addition to r!ie core studies in the second 
year, leading into five different programs for the 
two final yea At the present le\H of enrol- 
ment, there appears to be little justification for 
so many programs. Engineering experiepejd a 
drop in freshman intake for 1970-71 aiiu this 
suggests that an estimave of 040 undergraduate 
engineering students by 1974-75 may be optimis- 
tic. Even at this level, only three programs would 
be viable according to the arguments develt ped 
in Chapter 10. 

Gradual, studies were begun in 1962, and by 
1969-70 there were 79 F.T.E. students. Wc have 
recommended that this enrolment should not 
exceed 90 by 1973-74 (Table 10-4) Western has 
gained distinction with its work in industrial 
aerodynamics, electrostatics and bio-engineer- 
ing, while its course-work M.Eng. program in 
environmental engineering is generating wide- 
spread interest. 

Following the same pattern as proposed for 
Carleton and Ottawa, W;;.stern has a specific area 
for specialization. Environmental engineering is 
becoming a subject of increasing interest, and 
Western is in a position to concentrate in such a 
field. This is an exciting prospect, because of its 
social relevance and because of the strong desire 
of capable young people to play a prominent 




role in tlic solution of prohlenis relating to 
onr ecology. At Western, graduate student and 
facnIly'rcseaK li ( onlcl l)e adapted without dinTienl* 
tyand there is a stnmgc ase for the introdiK tion of 
an undergraduate program in environmental 
engineering. This (onid he accomplished hy 
dcMxIoping existing options into one major pro- 
gram with a c omnioii c ore strnc tiire. TUc present 
doc toral program shmild he ahandoned. and no 
new programs developed l)cfore the end of this 
dec ade, and ihcr only after a demand for doctor- 
ates in this Tie] i has been elearlv Jenionstrated. 

For the above reasons, we recomniend that: 

(11:10) Westerr concentrate its graduate student and 
faculty research in the field of environm^ntiil engi^ 
neering, and that a new common-core undergraduate 
program he introduced in this field in place of the 
existing options. Further, we recommend that gradu- 
ate enrolments at the master’s level should not exceed 
90 students by 1973-74, and that no further students 
be admitted to existing doctor*;! programs. 

Western’s Engineering Science Depar’ ment 
was established at a time when there was a luajor 
shift in engineering education towards greater 
science content. In C:mada, this Is no longer a 
major issue, as universities attempt to focus on 
'engineering as a distinctive profession involving 
a hedy of knowledge in which science is hut one 
of many critical components. For this reason, we 
woiuv! suggest that the faenhy consider deleting 
the word ’‘sc ience” and becoming the Faculty of 
Engineering. 

UNIVE. SITY OF WINDSOR 

Located in the southwestern corner of the 
province, Windsor draws the bulk of its students 
from a region where the population has re- 
.nained relatively stable. Since 1967, there has 
been a slight annual decline in freshman intake 
(Fig. B-I2) and total undergraduate enrolment 
^*,as ho,vered around 400 students. Growth ran be 
expected here for the same reasons as suggested 
^‘.dth respect to Western, and so will depend on 
new student flow patterns in the province as a 
udiole. 

Windsor note ofier^; seven undergraduate engi- 
neering programs, each with a separate ciuricu- 
Inm after the fir^t year. In Chapter 10 we 
developed riteria that suggest that 1,400 stu- 
dents is the minimum viable size for this 
nund)er of programs. It is unlikely that such 
enrolment can be achieved during the present 
decade, and therefore the arguments developed 
for Western apply equally to Windsor: the 
present number of undergraduate programs 
should be curtailed. 
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In Chapter .‘I (page 10) we suggested the need 
for a liberal edncatioii prop'ani built around a 
strong ( ore of engineering. In order to preserve 
the engineering ethos of sne h a program, the basic 
design disciplines must l>e stressed. I'his could 
be accomplished !:) strnctiiiing options in the 
major disc ipliiics during the latter years, but 
their number shonicl be consistent with viable 
c lass sizes determined by total rude .graduate 
enrolnients. l.iberal engineering . Iso has mean- 
ing in the area of graduate st idxvs. an t will 
accelerate the development of interdisc ip. nary 
work. Cradnate enrohneiMs were coveted in 
Table 10-1. 

In simnnary. we recommend that: 

(11:11) Windsor vstablish a new undergraduate pro- 
gram developed around a liberal engineering core, 
and with an emphasis on design; and that juch a 
program replace those now in existence. The num- 
ber of design options should be consistent with viable 
class sizes. Further, we recommend that graduate 
studies be concentrated on liberal engineering and 
that enrolments be reduced to MO by 1973-74, with 
no further work at the Fh.D. level during the present 
decade. 

UNIVER SITY OF GUELF H 

F.stablislved in 1964, the l-nivcisity of Gucipii 
includes the Federated Colleges of the Ontario 
Department of Agriculture, one of whic h was 
the former Ontario Agricultural College. It had 
formed a Department of Agricultural Engineer- 
ing in 1946, which provided a*i engineering 
option. Snhscqiien ly, arrangements were made 
with tlie University of Toronto whereby such 
students coulc register for the fmal year of me- 
chanical engineering or livil engineering. In 
1964-65, the Senate of the University of Guelph 
approved an academic program leading to the 
U.Sc. (Eng.) degree, in which students concen- 
trate in the final year on on^* of three engineer- 
ing majors: mecliani(al and power, structural, or 
water resources. 

Further changes were effected in 1969 when 
a new program was introduced based upon a 
core concept for engineering with two elective, 
components — one in the humanities and social 
sciences and the other in the life and earth 
sciences. Each elective represents 13% of the total 
curriculum, and they are interwoven into«aII 
years of the program. Such a feature, while nor- 
mal for humanities and social science subjects, is 
a departure from the usual arrangement of struc- 
turing each option into one of the standard engi- 
neering disciplines during the latter years of a 
program. A common engineering component 
(74% — with its core of mathematics, physical 
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sciences, engineering sciences ;nid design) is com- 
bined willi ;i wide r.inge of opiif)ns to permit 
e:i( li slndent to estiiblisli :\ piogi;nn gearul to his 
own interests, under the gnid.iiK e of a fa< nity 
nieinl)er. I lie majority of (lasses in sndi options 
will he tanglil hy depai tmeiits outside the Sc hool 
('f Agric nitnral Kngineering. 

Sndi .ill arrangement should appeal to stn- 
dents who ha\e a Mioiig desire for greater free- 
dom to ( leaie then own program, d he basic 
engim Cl ing core c cmc epf is sonnd lor ;i sc hool 
the si/e of id’dph. It Ims reduced hv the 

total nnniher of c lasses olfered in enginejriiK. 
.md thereby im re ised the a\erage class s /c \ ith- 
in the school. Omer optional classes mas he 
augmented hy non'engineering students 'This 
program should he ^ om mic ally and acarlemic - 
ally viable proviued total enidlmeiil exc eeii , ^('0 
students (as suggested in Chapter 10) . 

We h.i\e a reservation about the elective, 
nature of the Immaiiilies and social s'ixMues 
( omponeiit. In Chapter 7 (page 3.*) ) we sug- 
gest. 4 that ( urric Ilia in the “applied humani- 
ties** should he striic tnied and !rrm part of an 
epgi: '’Cl iiig core, in \ iew of the -Iirec t relevance 
of sue suhjec ts to the found:i ions of the pro- 
fession. This could still diov lor some el -c live 
( lasses, hut they should he . ipplemeiitarx o ;; 
recpiired group of c lasses in the applied hn.iiani- 
ties. .Sue h an argument c an he applied to several 
sc hools in the svsteiii. hnt it is panic ularlv .appro- 
priate f(»r (didpli hec.uise of the natioe of its 
new ( urric Ilium. 

'Mie enrolment pattern of Ciielpli is shown in 
l igure U-.3. and its recoMineiided graduate enrol- 
nieiits are given in Table 10-1. 

In summary, we rec onnnend tli.it: 

(11:12) Guelph pursue its new engineering core pro- 
gram. with options in the life and earth sciences, 
but with the applied humanities added to the core. 
Further, we recommend that graduate enrolments not 
exceed 30 students by 1971*74, and no further work 
at the Ph.D. level be undertaken during the present 
decade. 

THE NORTH 

In addition to the nine universities already 
disenssed in this ihapter, there are two in the 
north — Eaiireiitian and Eakehead — offering 
the first two years of a degree program in engi- 
neering. Their students must transfer to one of 
the nine schools in order to complete the 
requirements for a degree. 

The region of Ontario north of Lake Nipis- 



siiig h.'is a sp.nse population hnt an ahiindaiicc 
of natural resonre es, I lie pulp and paper indiis- 
try is (onceiilrated in the area of riiimder Bay, 
whic h is the site of Lakehe.icl rni\ersiiy. .Min- 
ing takes place thmnghciiit the region hnt its 
centre is .Sndhiirv, the heart of the nic kel and 
copper belt and the location of I anreiitian 
I 'niveisily. 

I herelore. it is not sni pi isiiig that the iiu jor- 
ity of engineers are employed in management 
and operations. I.oc.il iliapters (’> limider Bay 
and .Siidiairy) of the .MM'.O h; ve prov ided 
statistic s on their c onstitneiicy. .ind the following 
distrihntioi is given for the 1.200 engineers in 
the regior. ; 



Civil 


- .rKf 


>^iiiing 




.Mcl'illiirgy 


- '2^ 


(’hetiiical 


- I^ r 


Other 


- 20C^ 



.\ survey c ondn ted h\ these APKO chapters 
re\eals thai appm\ini:ile|y !)()() new engiiieer^J 
w ill he recpiin’d dm in , the next ten years, 
.'issmuing there will he major development of 
;' itnral resources. It siiggests that the distrihii- 
tion of the disciplines will coiuimie to he the 
same as at the present lime. If t* is rcqnireim* t 
i> spre.ad nuiforinly over the decade, then i!u 
ippro.xiinate reqiiiremeius for engineers w dl he 
.'IS follow s: 



('i\ il 
Mining 
.Nfetalliirgy 
Cheinii al 
Other 



— .30 a year 

— 22 a year 

— 11a year 

— 10 a ye.'ir 

— 17 a ye.'ir 



It has prosed diflic nit to attrac t engineers ii.to 
the north. In the Sndhni) region, nearly 70^/ 
are from outside Caii.ula. and there is a high turn* 
over. In the piilp-aiu’-paper-oriented Tliimdtr 
Bay distC. t. mor'* than 7u9f of the engineers 
have family roecs there, and fewer than 10% 
come freun abroad. There appears to he a c on- 
tiiiniiig sliort.ige of engineers in both areas, and 
this was the iKisis of the .irgnmeiit in favour 
of cstahlisliing ciiginceritig schools at Lanrentiaii 
:iiul Lakehead universities. 



\t Lanrentiaii. 80% of the engineering stu- 
dents are from the region, while at Lakehead 
()0% come from the immediate district. 20% 
from the rest of the northern .area and 20% from 
elsewhere. Thus, it can he seen that both engi- 
neering schools are essentially local in nature. 

Students w*ho elect to leave home to attend 
university are more likely to he attracted to the 
larger urban centres in the province. This has 
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him cstiihlislu'd hy the study ^ronp in iru inp; 
lilt* origins f>f slmlciUs in s*uh imiversiiirs as 
Toronto and Nf(Mastcr, and (onrinncd hy the 
Ontario Institute for Studies in Fuhu ati<m in its 
studies of student flows. On this basis, it is inean- 
inp;rid to examine p;iade I \ student (lotvs from 
the hi^h schools within (onunutiup; ranpe of 
these two noi thc^^n universities, he( anse it is from 
these schools that they would dratv more than 
halt o| their eiipiueerin^ slndents. 

Table II I 

(iKAIM, 111 KnROI.MI.NIS I\ I IlCII ScilOOI.S WiTIUN 
\ :l.')-\fll.K RADIII.SOr I^AURFNTIAN AM> IwXKFHKAO 
Umvkrmtiks 







|‘#70 




Enffinecring 










Frc»hmtn a 




l‘)6H 




mat d \ 


1970 


1980 


l.aiireutian 


7f»l 


9(i5 


2.UD0 


08 


140 


l.akc*heacl 


C)!m 


850 


\ .son 


fiO 


129 



;i Assuming 7'J of ^r;*Jc t.' ^nrolrncnls cnicr cn| 2 inccrin| 2 , :i ( re ihiM 
IS hi|:h for ihc I97iK (('>niario uvcrJi^e optcicd lo be ft'T ). 

In l'al)le IN it is assumed that the conunut- 
iiip[ radius for ea *h university is ‘fa miles, and 
also that a sliphtly higher perceiitap^e of hip;h 
sHk'oI Students than the Ontario ivera will 
nus.. enp^ineerinj;. Many of these f'eshinen. not 
wishing to (onmintc, will cleet to "o elsewhere 
o university. W^e have assumed that T)09r leave 
tue area, and the remainder will ( o?nprisc v .»c- 
half the total mnnher of freshmen in the nord:. 
The validity of this assumption rests on the 
atitieipated eontinninp; desire for students to 
leave lioine to study in the larger urban centres, 
and on the present enrolment patterns at these 
two UP versities. Thus, the number of cnp;incer- 
inp[ freshmen showi. in Table IM is a roup;h 
approximation of tlie hrst-year enrolment m 
each school for the years 1970 and 1980. In 
actual f.ict, early first-year rep;istration in Sep- 
tember of 1970 was 40 at I.anreiitian and 48 at 
I.akehe.id. so that estimates for 1970 were high 
by 70% and 2,a% respectively. 

These 'gineering schools have been in exist- 
ence for more than a decade, and yet the numbers 
of freshmen in degree programs have remained 
in the 15-02 band for Lakehead (Fig. B-4) and 
0-44 for Lanrentian (Fig. B-5) . Unquestionably, 
the necessity to transfer after two years to 
another university has been a deterrent to first- 
year enrolments. Such two-year “semi-programs’' 
satisfy neither students nor staff, and can 
only be justified as an interim measure during 
the emergence of a new faculty. Now it is time 
for programs at both schools to be either 
extended or terminated. If they were extended 



to four years. Table ll-l suggests that neither 
school could reach a viable si/e until the late 
1 970s for even one program in a single disi ipliue 
(freshman intake of ilOlOO students). In the 
meantime, students and staff would continue to 
suffer from insuflic ieiit enrolment as other 
engineering sc hools attrac t the to|) students 
from the region. The temptation would be 
strong to adopt lower standards of entraiic c*. and 
it is hiuci to avoid the condnsion that it would 
be advisable to teiininate these programs. 

T.M RTN TI.\N UNIVI RSTI V 

d'here is a continuing shortage of mining eiigi> 
neers in the Sudbury district, and industry has 
been forced to searc h for them in other prov- 
inces and outside ( inada. (.)ueeiTs Uniwrsitv 
olfers the oidy mining engineering program m 
Ontario, in which it lias Iktii awarding fewer 
iban 10 bachelor's degrees a year. Since the c in-^ 
>ent demand foi the north alone is approxi- 
mately 22 a yc*ar. there is now more student 
interest in this field, and the new* mining bnihb 
iui; at Queen's w:il enhance tue deveh>pnient of 
on • of Ontario’s primary industries. In 1970. 
giaclnares with b ic helor clegiees in mining were 
bein' offered tiu high/sr starting sal; rics of all 
braiic lies of eiigmee» ing in Ont;yio: Sd!*2 .i 
month, compared to the over-all average for engi- 
neering of .Sfiaf) a month * 

Next to milling, there is a grow i g demand in 
tl e Sudbury region for incta uvgical engifieeis. 
Over tfie past clecade the number of new imec a- 
laureates in this field from the Ontaiio schools 
has averaged 25 a year and the need in the north 
is expected to be about 11 in e.’ch year of the 
present dec ade. Suc h engineers are used in iiiaiiv 
other industries, and it is possible* that we w* * 
experience a continuing shortage until the pro- 
gram at McMaster expands. Most inetalhirgic al 
and materials engineers in Ontario now' come 
from Queen’s or Toronto. Programs required 
for the north in other fields (principally civil 
and chemical engineering) are in abundance. 

The existing Ontario scliools should he able 
to provide engi eers of th^ required diseipHiies 
to satisfy the special needs of the Sudbury 
region. Furthermore, even if Taiirentiaii could 
fully satisfy the regional demand for engineers, 
loial industries have indicated that they do not 
w'ish to restrict recruiting to a single university, 
and so will contimie to draw upon traditional 
sources of supply for new’ engineering graduates. 

Lanrentian has only four faculty members in 

’Deparlmcm of Manpower and Immlijrailon, Rrguirenienis and Averaite 
Starting Salaries, Vnhersity Grad nates, 1970, 



cii^iiiccriiif;, ;md limited farilitics. The univer- 
sity inaiiitniiis that tliere is insiifTirieiu spare to 
a((f)iiiiiiodate the pK posed expansion to a four- 
year pro^*i\iiii, and tlicreforc it would he forced 
to adopt some form of a trimester rooperative 
program with l(x al industry. I'o date, sik h plans 
lia\e not lu*eii developc^d. 

Tor all of these icmsoiis. it is leconimeiided 
that: 

(1 1:13) the cxistinK enitiiiecring programs at Lauren- 
tian Uriiversifv be terminated, and r.o freshmen be 
admitted for 1971-72. 

All students presently enrolled should he given 
the opportunity to complete their roursc of 
study, wliic h means work in engineering .should 
not cease until june l!)72. This should provide 
siiflic ient time for the university to orfyanizc the 
most elfec tivc way in whic h to re-dcpioy valuable 
resourc es. and to work out plans with memhers 
of staff for alternative careers, In the event that 
the university decides to diseontiiuic engineer- 
ing in 1071. provision must l>e made to subsidize 
the education of those stu Icnts affec’^cd in order 
that they may romplete their second year at 
anotlier institiu^cm. 

In our discussions with Icxal industries, it was 
apparent that tlicy - re anxious to assist the uni- 
ve.sity. Itoernation.il Nickel provi led most gen- 
erous fi ’ mc ial support towards the construction 
of builuings at I,aitnntian, and indicated an 
interest in c ntinuing a.ssistance in tho.se areas of 
direct relevaiuv to *’ie eompan’ . We would sug- 
gest that any .uh support should be directed 
towards the development of geology and other 
rclau'd. earth scienc es, including geophysics. 

Caml>rian iollege, the College of A pplied 
Arts and Tecnnology in Sudbury, offers tl*ree- 
year dip* niia courses in chemical, civil, elec- 
trical, geological, metallurgical and mining tech- 
nology. These were designed to sati.sfy the needs 
of lcM*al industry, but have assumed increasing 
iin|x>rtance because of the present shortage of 
mining and metallurgical engineers which has 
resulted in technologists being hired to under- 
take tasks normally performed by graduate engi- 
neers. We believe there is much to be gained in 
three-way cooperation l>etween Cambrian Col- 
lege. the Department of Mining Engineering at 
Queen's University, and the mining industry in 
the Sudbury district. Mining technology classes 
could l)e developed at Cambrian which would 
enable Queen's students to gain practical expe- 
rience in the local industry. In this way, students 
would be exposed to the industry early in their 
careers, and industry would be given an oppor- 
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tuiiily to attract those students prior to gradu- 
ation. The details of any sm h ( ooperalivc plan 
would ixHpiire considcrab’e negotiation, and we 
would hope that hnal industry might take the 
initiative in setting up sikIi an arrangement. 

l.AKKUF.AD UNIVERSI I Y 

There will he a continuing demand for engi- 
neers in the pulp and paper industry of the 
Thunder Hay district and a re(|uirement to meet 
the needs of a small but gniwing ninuher of 
manufacturing plants. The ( ily of Thunder Hay 
is situated at the edge of the boreal forest region 
of Canada within the mid-Canada corridor. It is 
likely to be a major growth centre in any pro- 
gram to develop Canada's north. Figure 10-1 
shows that Thunder Hay is isolated from the 
more heavily populated areas of the provime. 
Its inhabitants still retain a frontier outlook — 
a “spirit of the north'' which is infectious, and 
many who come intending to stay for but a short 
time arc (.-nght up in its atmosphere and settle 
there permanently. 

There is a pressing need for more people and 
especially for engineers. It is tinlikcly that Hiji th- 
em development will be a major focus lor the 
expenditure of public money ir the near future 
because . f the higher priorit) being accorded to 
urban problems. Neverthele.ss, governmental 
projects relating to the region .should increase in 
. itensity towards the lati r half y the 1970s, 
wl*en the demand for engineers could bccvime 
even more acute than it is at the present time. 

Tliere are valid reasons for developing a pro- 
gja'ii at I *kchead I'niversity which vill attract 
potential engineers into the region at th. :iage in 
iheir lives when they are aI>out to make c.irecr 
decisions and other long-term commitments. The 
>jcescnt two-year program fails in this rc.spect 
because it sends them away two years before 
graduation. On the other hand, a regula* four- 
year program would not l>e viable until late in 
the 1970s or early in the 1980s, Lakehead also 
offers three-year programs leading to diplomas 
in technology and the first year of architectural 
technology. It is the only such school in the 
province where degree and diploma studenu ire 
taught in the same institution. The viability of 
any four- year degree program, which depends 
principally on the number of bachelor gradua- 
tions in each discipline, would not l)e altered 
appreciably by the presence of such programs in 
technology. 

The recent expansion of the CAATs has 
meant a growing number of diploma technology 
graduates in Ontario. It has been estimated that 



aliout 15% of these graduates have both the 
desire and the ability to pursue further studies 
towards a hac helor's depree in engineering. Some 
of them arc being admitted to establisheci degree 
proj^ams, usually at the scrond-ycar level. A 
signifK ant number base pro( ceded into the third 
year of engineering degree programs in the 
Tiiited States, and many remain there perina* 
nrntly lollow ing graduation. 

The Ontario engineering s<Ikk>1s have not 
structured any programs .spcrifically for these 
diploma technology graduates. Usually such stu- 
dents are behind in basic mathematics and 
s( icncc. but ahead in technology-related subjects. 
The study group is convinced that with a 
reorganization in the presentation of subject 
nateriah a diploma technology graduate could 
achieve the necessary academic qualifications for 
a bachelor's degree in engineering after a fin ther 
two years of ft. !-lime study. By this route, c'^u- 
cation to the baccalaureate degree in engineer- 
ing normally would take five years from grade 
12, the .same number of years as for graduates of 
university program.s. Such programs svoiild differ 
from the pre.sent third ar«d fourth year in that 
they must stress basic niathcinatics and sci- 
ence. A student with a technology background 
approaches these .siilqects in a different light, 
because usually he has a keener appreciation of 
the application of this isic material to the real 
wor!H. 

.e R> erson Polytechnical Institute has an- 
n^anced its intention to provide a degree pro- 
gram for diploma technology graJintes. While 
detair have not been revealed at the time of 
snitin^. we believe such a program would appeal 
to technologist.*^ employed in the heavily indus- 
trialized section of the province who look for the 
opportunity to work on a nart-time basis fowacds 
an a( credited degree. 

It has been stated by . »ose in charge of ih< 
CAATs that they have no intention f estab- 
lishing degree program ;, that their programs are 
terminal in nature and should not be considered 
as a prepration for university work. Therefore, 
such programs ts hose proposed for Lakehead 
and planned by Ryerson should develop without 
ermpecit'on. Many diploma technology students 
will not elect to return to school immediately 
after graduation, and for this reason, it is diffi- 
cult to estimate potential enrolments. The third 
year of technology enrolments in the CAATs 
has grown from 570 in 1967-68 to 774 in 1969- 
70,^ and this pttern should continue throughout 

Ttbir* (unpublished mtterial) completed and revised by H. 
Braiihwaite o. the Ontario Institute for Studies in Education in August 
1970. 
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the l‘)70s. At Ryerson the third ye.ir of teth* 
nolo^y niso has developed rapidly, iiit reasing 
from 4CA in 1 1)07-08 to 7.’'.fl in H)0{)-70. Init tliis 
growth is levelling off. Enrolments at l.akehead 
for tliis rew program have heen estimated (on- 
servatively at .100 students hy the late In70s, 
provided it is e.stahli.shed and under way within 
the next two ye.irs. It would m.ike possible the 
offering of hadielor's degrees in three dist ip- 
lines; ( hemic al (pidp and paper) , ( ivil. and 
niedianical or electrual engineering. The nni* 
versity has ample faeilities for sndi a program. 

A .separate study’ is Iteing rondnrted on rela- 
tionships between l,akehead University and Con- 
federation College, tlie CAAT in Thunder Bay. 
While its rerommendations are not known at 
this time, we believe there i'^ merit in combin- 
ing diploma and degree .students in ;it lea.st one 
m.sti.ution in Ontario. This could improve the 
longterm relationships between technologists 
and engineers, particularly when there is an 
increasing need for an imderstanuing of their 
relative roles and functions in a technological 
.society. 

In summary, we recommend that: 

(11:14) the prct'-iit wi g ittri i ; prog-i,im at Lake* 
head Uaivenity be tenniaated by admiiti-g i.., (rcfii* 
men after 19^0 71. Buginaiag in 1971 or 197?, 
Lakehead ihonld edablish a two*year fnll'time engi* 
neeriag degre e p-ogram (pecilkally designed to 
accommodb^ di^n.a technology gnidiafes. The 
disciplines offered shonM be related u» the need s ot 
the district. In addition it sbonM continne to offer 
eibting diploma conrses . i techno' jgy. 

YORK. TRENT AND BROCK 
UN'VERSITIE.S 

We have recommended that engineering he 
continued at ten of the provincial I y-nssisted uni- 
v..‘rsities and have attempted to show that they 
can <idequ.'’.ely cover tlie anticipated needs of 
On..ario over the present decade By 1980, it is 
hoped that each of these schools v ill be econom- 
ically and ncndeniicnily viable. Nloreover, since 
they are spread geographically across the prov- 
ince, all major regions will be served by them. 
We have recommended changes in the engineer- 
ing curricula of some of these schools in order 
that proper coverage may be provided for those 
major technological areas svhich we foresee as 
l>eing of importance to the future of the prov- 
ince. Therefore w“ recommend that: 

(11:15) M» farther caghicerhig schoob be established 
prior to 19S0. 

■Commission on Post-Secondtry Educitlon in Ontirio. 
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York University, lor.itcd in Toronto, Ui\% n 
Fac ulty of .Sc ience whic h \% developing; H’vcrnI 
iiunR;inntive new onceptv Amonf^; them h a 
liberal w ieni e proR;rnm with some c)f the c linrnc - 
teristicJi of the liberal enpineerinf^; program 
rec ominended for Windsor. Another is the Divi- 
sion of Natural Sc ieticc whic h has propaiiis in 
s< icnc e struc tured for non-sc icaii c* students. At 
the prc‘sent time, York is reviewing the area of 
applied science which is seen as (tllinc^ a ^ap 
lu tweeii the traditional enj^ineeriiiR sehoois and 
the fai nUies of pure sc icnce. 

In industrial resc*arch and development, no 
c leai distinction is made hetween the applied 
sc ientist and the engineer, and often they ;»er- 
f )Mii identical roles. However, their educ ation 
is fimdamentally differem. Design is the central 
theme or ethos of an engineering education, with 
the basic component bein^ decisioii'inakin^. 
Although science is an essential in^edient. it is 
rot ar end in itself. Ftiginccriiijr curricula arc 
relatively more structured to satis'‘y the basic 
rcf]iiircments of the profession, ’vhilc the applied 
sc ientist reqiiirc> a relatively unstrnctiired ciir- 
rici,Uim v) that lie may pursue his scientific 
interests without severe co; straints. This is the 
liasic difference: the ui"ineer*njr school seeks to 
serx'c both the individual and the pri)fc>sion, 
while a schcKiI applied science is designed to 
serve the indivic! , al. 

York can achie'c a high reputation in applies 
icience since it tias the necessary staff ancl facil- 
ities. However, there is no justification for 
anot* !r engineering school in Ontario, and 
therefore we recommend most strongly tliat; 

(11:16) York devote its umbifioiiSt eoeiftes and 
resources not to engineering but to applied science. 

Trent University, located in the City of Peter- . 
borough in central Ontario, was established in 
1003. It has been stared that the University has 
no intention of entering the field of engineering 
and we would endorse this stand in recommend- 
ing that: 

(11:17) no school ol engineering be estabUsbed at 
Trent dnring the preaent decade. 

Brock University, located in the city of St. 
Catharines in the Niagara peninsula, was estab- 
lished in 1904. Although it has indicated a 
possible desire to emliark upon work in engi- 
neering, it has no plans to do so at the present 
time. As with York and Trent, we would recom- 
mend that: 

(11;1S) no sbidtet in engineering be nndertaken at * 
Brock dnring the present decade. 
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In Ottawa, wc recommended that a closed-< ir- 
(iiit television talk-bac k system lie insta||c*c| be- 
tween Carlcton and Ottawa universities, which 
should involve loc al governmental and industrial 
laboratories. We would be remiss if we did not 
urge a similar arrangement in Metropolitan 
Toronto, between York and Toronto nnivcisitic's 
togculier with major industries in the smioimd- 
iiig area inc hiding the Sheridan Park Researc h 
Centre. The extension of sne h a system westward 
to inc lude McMaster University would be a logi- 
cal next step Ultimately, tlie network could be 
linked with the television system now being 
developed for engineering educ ation in the State 
of New York, where there is an indication of 
interest in Canadian participation. 

ROYAL .MILITARY COl.l.F.CE 
OF CANADA 

There is one other engineering school in the 
province whic h has liecn considered, thnngli it 
is national in scope, with its total financial sup- 
port provided l)> the federal government. The 
Royal Military College of Canada (RMC) svas 
founded at Kingston in 1870. and Royal Roads 
near Victoria. Uritish Columbia, was established 
in 1042 as a training school for naval officers. 
Following World War II. both colleges were 
constituted as the Canadian Services Colleges to 
provide a joint educational and training pro- 
gram for the Canadian .\rmed Forces. \ third 
college. Collf*ge . fJitaire Royal, was oj>ened at 
Samt-jean. Quebec, in 1052 in order to pioside 
f >T the bif^gualisin required in the armed 
lorces. The Canadian Services Colleges became 
known as the Canadian Military Co|logo.> on 
promulgation of the C*anadi:m Forces Reor. aii- 
i7!ation Act in 10fi8. 

T’ '* pro^Vvain for both RMC and Royal Roads 
is of m: )cars' duration, with the first two years 
being provided at colleges, and the third 
and fourth years at RMC only. For officer cadets 
entering College Militairc Royal, the program is 
of five years' duration, with tlic final two years 
at RMC. ^ 

The Ro^l Military College is an affiliate 
member of^PUO even though it is not licing 
funded by the Ontario government. Ii wished to 
be included in this study, and so completed the 
questionnaire and was visited by members of 
the study group. The composition of its student 
lx)dy makes it a national college. Each graduate 
is required to devote a minimum of four years 
to military service following graduation, and 
approximately (i0% elect to remain beyond that 
period. However, while RMC graduates do not 



(liter (lircdly into Uic rivili.Tii labour force, 
iiltiinalely many do join Uic profcwioii in 
Ont.iiio and we have (lev( led our attention to 
some nirrinilar aspects of their j>ro'T-ani. After 
(arefnl ( onsideration, it was dec*'^ed nc>t to 
iti( hide KMC in inoc* of f!n si.iti‘,ii< s sinc e the 
data were lieinj; r <)ni[>i)ed to assist in phnninp; 
an iiiteiai five systeiii of proviiic iaih -assisted 
eii^iiieeriie^ s< hools. 

.Some distiiiRiiisliinR features of the RMC pro- 
^ain are as follows: 

(1) '^’he student/ staff ratio is very low (4.7’ 1; 

(2) The officer cadet experience is unique ard 
involves a higher workload than is found ui 
the other universities; 

(!f) riiere is a comuiendal>le content of human- 
ities and social sciences (25%) ; 

(1) Ofli(er cadets receive an allowance, and so 
theu* is less eiononiic strain; 

(5) Athletics and physical trrining are compul- 
sory (15%) ; 

(0) The college is not coeducational; 

(7) New cadets have been carefully screened 
and the attrition rate is low; 

(8) Graduates must undertake four ^ ears of 
military service; 

(9) All students reside on campus. 

In its visits to engineering schools in the 
United States, the study group was impressed 
with the programs of two schools of similar char- 
acter — the Thayer School of Engineering of 
Dartmouth College in Hanover, New Hampshire, 
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and Harvey Mndd College at Cl n^miont, Cali- 
fornia. These aie liberal engineeiing schools 
whic h eMphasi/c the applied hniiiai ilies, while 
at the same time laying great stress on design, 
using n team approach to real industrial sitiia* 
lions. The favourable student/ st.iff ratioat RMC 
suggests it could develop a similar prngi am. using 
design problems related to die Canadian .Armed 
I’orces. RMC is in an ex( ellent |>ositimi to pio- 
neer ill die area of liberal engineering, because of 
the disciplined nature of the lollege, its strength 
ill tlie humanities and social sciences and the 
generous funding it receives from the federal 
government. 

Too few students are seeking admission to the 
lollege even though it has obvious financial 
advantages and a balanced athletic and academic 
program. Therefore, we would hope that a new 
curricnlum, based on the liberal engineering con- 
cept, would appeal to young men throughout 
Canada, and so help in overcoming an ap» -'/cut 
reluctance at the present time to embark on a 
military career. 

Therefore, we recommend that; 

(11:19) the Royal Military College develop a liberal 
enginccriag pffogram« basH on the saccessful model 
now in operation at Dartmonth and Harvey P^udd. 

To .um up: we ‘.lave recommended that among 
the foMrte'^Ti provincially-assistcd universities in 
Ontario, tea scuools carry on n in ei.gineer- 
ing. This niiinber will be adeqt ^ • to cover hi ih 
the needs of the province and its contribiitior to 
national requirements during th^ decade. No 
further expansion will be neces5«iry until least 
that period of time has elapsed 
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RETROSPECT AND PROSPECT 



It is on the eve of publication that an authoi 
is most acutely aware of the limitations and 
imperfections of his work. Once the commitment 
to print is irrevocable, the agonies of hindsight 
tend to fade. In this report on engineering educa- 
tion, the study group clearly recognizes the com- 
promises that have had to be made. Our recom- 
mendations fall short of being Utopian because 
we have been dealing with a system — or rather 
a non system — on which have been invested very 
considerable amounts of time, effort and money, 
occasionally influenced by political expediency. 
A compromise with time har had to be made, 
because modern engineering is being buffeted by 
the onrush of change in technology and in the 
role of the engineer in society. An imperfect 
report now is more useful than a polished retro- 
spective document several years hence. Inherent 
lags in the educational process impart a sense of 
urgency, and so we go to press with the realization 
that more could have been said, more fluently, 
but later. 



A considerable debt is owed to all those people 
who have contributed to the study — in particular 
the faculty and students who provided data on 
which this report is based. If our effort is judged 
to be worthwhile, it is hoped that similar studies 
of other disciplines will be undertaken. Engineer- 
ing has been a good place to begin, because it is 
inherently “mission-oriented'', and one can devel- 
op logistics relating the needs of a modem society 
to the number of practising engineers within it. 
Such an approach is more difficult with non- 
professional education, but there are a number of 
signs indicating that the lack of appropriateness 
of the educational experience is troubling many 
students and some teachers in the humanities and 
the social sciences. It is probable that the need for 
a similar study in other areas is just as acute as 
for a report in the field of engineering. 

The prospect of continuing rapid change dic- 
tates the need that this report be but the fore- 
runner of a series of periodic updating studies 
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which should be carried out at regular intervals. 
There is a temptation to suggest that such a task 
be the responsibil ity of the Committee of Ontario 
Deans of Engineering, but already it is a heavily- 
loaded affiliate committee of CPUO. It seems 
more reasonable to suggest the collection and col- 
lation of data be carried out by the CPUO 
Research Division. However, it should be the 
responsibility of the Committee of Ontario Deans 
of Engineering to ensure that the form of such 
data is uniform throughout all of the faculties of 
engineering, and moreover that it is compatible 
with the collection and retrieval system adopted 
by CPUO. Data should be collected on a continu- 
ing basis to meet four principal objectives: 

(1) academic planning; 

(2) manpower planning; 

(3) cost assessm en t and control ; 

(4) program appraisal and accreditation. 

AC.ADE M IC PI .AN N INC 

The forecasting of enrolments is critical to suc- 
cessful planning of the use of capital resources, as 
well as to the establishment of sound policies for 
the future. Enrolment forecasting involves the 
development of student flow patterns from secon- 
dary school into the universities, and within each 
university among its several programs and many 
classes. Viewed in retrospect, the questionnaire 
used in this study (shown in Appendix I) con- 
tained a number of deficiencies. For example. 
Table 5 should have requested more detail on the 
origin of students, in particular the location of 
the high school of graduation for Ontario stu- 
dents and the distribution of university prefer- 
ences in their application for admission. The 
collection of such data, on a yearly basis, should 
enhance the ability of each school to forecast its 
future flow patterns. CPUO has proposed the 
formation of a data bank* that would include 
most of the required information. 

It is recommended that: 

(12:1) CODE coordinate the collection of informa- 
tion, as a pilot project, for a data bank to be estab- 
lished by CPUO. 

The information that has been gathered for this 
study would be a starting point, and each year 
further refinement?- could be introduced into 
such an on-going program. Other faculties would 
come “on stream” in future years as they are 
ready to participate in it. 

'CPUO Research Division, Proposal for a Ctniral Da la Bank on 
Sludenis and Resources of Ontario VnixersiiieSt November 1969. 

f? 
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MANPOWER PLANNING 

We have advocated that educational planning 
in the engineering schools be related to the 
requirement for engineers in the economy, as 
defined both by short-term demand and long- 
term need. The flows of engineers into the labour 
market are only partially understood, and yet 
a knowledge of these ilows is essential if one is to 
attempt any meaningful prediction of shortages 
or future career patterns. It is surprising that so 
few universities in OtUario maintain alumni 
records that trace the career histories of their 
graduates. Aside from any manpower considera- 
tions, such records would be most valuable for 
many other purposes, including the planning of 
future academic programs. 

We recommend that: 

(12:2) each school develop a technique for tracing the 
career histories of its graduates, and maintain records 
for its own use and for use in manpower studies. 

COST ASSESSMENT AND CONTROL 

The cost study (Appendix H) suggests there 
are a number of policy variables that can be used 
to assess and control the unit :osts of each pro- 
gram. In the future, such considerations will 
assume increasing importance. The cost study 
conducted by CPUO and the study group covered 
only the one year, 1969-70. Such costs assume 
greater meaning when collected and averaged 
over several years, so that trends can be seen and 
individual anomalies in any one year are not 
overemphasized. The proposed data bank will 
contain only some of the information required 
to compute unit costs, and therefore cost assess- 
ment and control would be a private matter for 
each university. The annual class-size survey 
being conducted by CPUO will give some indica- 
tion of over-all costs, but not individual program 
costs. 

We recommend that: 

(12:3) each engineering school undertake its own 
annual unit cost study, in order that trends may be 
detected and policies established for flie continuous 
assessment and control of costs. 

PROGRAM APPRAISAL AND 
ACCREDITATION 

In Chapter 7, we recommended that CODE 
play a central role in the appraisal of new pro- 
grams and the accreditation processes being con- 
ducted by the profession. The proposed CPUO 
data bank will contain information on staff and 
facilities that should be of considerable assistance 
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in such procedures by decreasing the administra- 
tive load on individual faculties and departments. 
There may be information required that is not at 
present planned for the data bank (e.g. library 
facilities) . Therefore, it is recommended that: 

(12:4) CODE assess the information to be collected 
for the CPUO data bank, and recommend to CPUO 
what additional data should be assembled to facilitate 
program assessments and accreditations. 

It is our hope that the Committee of Presidents 
of the Universities of Ontario will regard this 
report as a working document for the evolution of 
a system of engineering education. Virtually any 
of these recommendations can stand alone and 



are suitable for individual implementation, but 
the title of Chapter 10 is not accidental. 

We began this report with an examination of 
the expectations of a young man or woman aspir- 
ing to an engineering career. The most eloquent 
elucidation of student concern was quoted in 
Chapter 8: *‘It is attitude rather than content, 
style rather than subject matter, and the system 
rather than the course, that are the causes of 
student despair.*’ The bulk of this study has been 
devoted to an examination of attitude, style, and 
the need for a system. We sincerely hope it will 
assist Jean and his/her colleagues to become good 
professional engineers, who will play significant 
roles in their complex, evolving society. 
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RECOMMENDATIONS 



The Study group recommends that: 

(2:1) beyond senior mathematics the secondary 
school Honour Graduation Diploma should be a 
sufficient requirement, set at a level of perform- 
ance decided upon by the faculties of engineering, 
who must become increasingly dependent on 
then* own evaluation of secondary schools in their 
districts, and upon the anecdotal reports of the 
principals. 

(3: l)innovative opportunity in the form of design 
should be brought into first-year engineering pro- 
grams, despite the elementary character of the 
design examples. The gain in motivation and 
morale would amply repay the expenditure of 
time. 

(3:2) each engineering school undertake a study 
of its teaching laboratories, and establish ways in 
which the students will use them to obtain design 
experience. 




(3:3) universities establish a depreciation policy 
with respect to engineering laboratory equip- 
ment, so that before it becomes obsolete or worn 
out, adequate reserves are generated for replace- 
ment. 

(3:4) Each faculty should have a standing com- 
mittee on curriculum, with substantial student 
representation, whose responsibility it is to en- 
sure that there is an articulated sequence of 
courses in each stream. Such a committee should 
regard as its prime function the continuous moni- 
toring and updating of the curricular system. 

(4:1) a talk^back television network in Ottawa 
be thoroughly explored. 

(4:2) a report be prepared for Ontario similar to 
that prepared by Allen M. Cartter, dealing with 
graduate education in the United States. 

(5:1) The criteria of acceptability of graduate de- 
grees in engineering should be recast in order 
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th.'it a thesis based on design or systems synthesis 
may be suitably assessed. This could involve the 
establishment of a new degr^'e at the doctorate 
level. 

((ill) ‘'We led that both universities and indus- 
tries should recognize this activity as part of the 
career structure of their senior staff, and joint 
appointments should be increased as far as pos- 
sible. We would hope that in time there would 
be at least one joint appointment in each depart- 
ment, certainly in those relevant to industry." 

(7:1) the universities introduce part-time under- 
gracluate studies as an acceptable alternative path 
to a recognized bachelor’s degree in engineering, 
and that when this scheme is fully operative, the 
present APEO examination system be terminated. 

(7:2) periodic requalification (perhaps every five 
years) be initiated so as to require successful com- 
pletion of a course of study in either control or 
management, or a combination of these two, 
together with a structured program in applied 
humanities. 

(7:3) CODE undertake the appraisal of proposed 
new undergraduate programs, using essentially 
the same procedures employed by OCGS in re- 
gard to new graduate programs. Also, CODE 
should evaluate the need for each new program 
with respect to academic, cost and manpower 
considerations. In regard to such appraisal, CAB 
should participate so as to avoid unnecessary du- 
plication and permit simultaneous accreditation. 

(7:4) CAB re-accreditation, requested and/or 
approved by APEO, be coordinated through 
CODE, which ultimately should be in a position 
to provide the required quantitative data. 

(7:5) all engineers engaged in teaching in Ontario 
be registered members of the profession. 

(9:1) over the next two years the estimated gradu- 
ate enrolment of 2,000 for 1970-71 be reduced by 
17%, after which graduate enrolment should be 
equated to the previous year’s bachelor gradu- 
ations. 

(9:2) the Canadian Council of Professional Engi- 
neers explore ways and means of establishing a 
permanent Canadian Engineering Manpower 
Commission in order to provide national and re- 
gional data on engineering manpower in Canada. 

(10:1) it is essential that changes in the formula 
be considered concomitantly with the develop- 
ment of the system. 

(11:1) the University of Toronto continue to 
offer a full spectrum of engineering programs but 
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that, starting in 1971, it limit freshman intake to 
()00 students a year, and rediue graduate emob 
ment to '180 students, including no more than 105 
doctoral candidates by the 1973-74 a< ademic year. 

(11:2) a three-way ( ooperative program between 
the university, Cambrian College in Sudbury, 
and the mining industry in that area be thor- 
oughly explored. 

(1 1:3) Queen’s University continue to offer a full 
spec trum of engineering programs while main- 
taining an annual freshman intake no greater 
than 400 students until after 1975, aiul then 
increasing this figure to 500 students a year. Fur- 
ther, we recommend that engineering graduate 
enrolments iiurea.se slightly to 180 students by 
1973-71, which would include no more than 55 
doctoral candidates. 

(1 1:4) Waterloo continue to be the only engineer- 
ing .school offering a cooperative program in 
Ontario throughout the 1970s, and that its engi- 
neering be limited to this type of program. 

(1 1:5) Waterloo c ontinue to offer a full spectrum 
of undergraduate engineering programs, but re- 
strict its freshman intake to 050 students. Also we 
rcTommend that by 1973-74 total graduate enrol- 
ments be reduced to 385 students with no more 
than 125 in doctoral programs. 

(il:6) the Faculty of Engineering at Waterloo 
undertake negotiations to enable it to be reor- 
ganized into a technical university, with a sepa- 
rate Board of Governors and Senate, but in 
affiliation with the University of Waterloo. 

(1 1 :7) McMaster continue to offer a full spectrum 
of engineering programs, while increasing its 
freshman intake to .500 students a year, but that 
by 1973-74 the number of its graduate students be 
limited to 150, including 45 doctoral candidates. 

(11:8) Carleton retain its present undergraduate 
program structure, limit its freshman intake 
when it reaches a figure of 400 students a year and 
maintain graduate enrolment at 115 students, 
including 60 doctoral candidates to be shared 
equally with Ottawa. Further, we recommend 
that graduate student and faculty research be 
directed towards the field of information systems 
engineering, and that Carleton explore jointly 
with Ottawa ways to collaborate with local gov- 
ernmental and industrial laboratories, for exam- 
ple, by means of a talk-back television network. 

(1 1 :9) Ottawa create a common-core undergradu- 
ate curriculum in a pattern similar to that at 
Carleton; graduate enrolments be reduced to 90 
students by 1973-74, including 60 doctoral candi- 
dates to be shared equally with Carleton, and j 
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gniduatc student and faculty research be directed 
unvards the field of information systems engineer- 
ing; ill a joint program with Carleton, Further, we 
recommend that Ottawa explore arrangements 
with Carleton for the installation of a talk-back 
television network that would include govern- 
ment and industrial lalioratories in the area, and 
would serve both undergraduate and graduate 
programs. 

(11:10) Western conc entrate its graduate student 
and faculty research in the field of environmental 
engineering, and that a new common-core under- 
graduate program be introduced in this field in 
place of the existing options. Further, we recom- 
mend that graduate enrolments at the master’s 
level shouki not exceed 00 students by 1973-74, 
and that no further students be admitted to exist- 
ing doctoral programs. 

(11:11) Windsor establish a new undergraduate 
program developed around a liberal engineering 
core, and with an emphasis on design; and that 
such a program replace those now in existence. 
The number of design options should be consist- 
ent tvith viable class sizes. Further, we recommend 
that graduate studies be concentrated on lilieral 
engineering, and that enrolments be reduced to 
80 l)y 1973-74, with no further work at the Ph.D. 
level during the present decade. 

(11:12) Guelph pursue its new engineering core 
program, with options in the life and earth 
sciences, but with the applied humanities added 
to the c ore. Further, we recommend that graduate 
enrolments not exceed 30 students by 1973-74, 
and no further work at the Ph.D. level be under- 
taken during the present decade. 

(1 1:13) the existing engineering program at Lau- 
rentian University be terminated, and no fresh- 
men be admitted for 1971-72. 

(1 1:14) the present engineering program at Lake- 
head University be terminated by admitting no 



freshmen after 1970-71, Hegimiiiig in I!I7I or 
1972, Lakehead .should establish a two-year full- 
time engineering degree program specifically 
designed to ac c ommodate diploma tec hiiology 
graduates. 4’he di.sciplines offered should hv 
related to the needs of the district. In addition, it 
should continue to offer existing diploma courses 
in technology, 

(11:15) no further engineering schools be estab- 
lished prior to 1980. 

(ll:l(i) York devote its ambitions, energies and 
resources not to engineering but to applied 
science, 

(1 1 : 17) no school of engineering be established at 
T rent during the present decade. 

(11:18) no studies in engineering be undertaken 
at Brock during the present decade. 

(11:19) the Royal Military College develop a 
lilieral engineering program, based on the suc- 
cessful model noAv in operation at Dartmouth 
and Harvey Mudd. 

(12:1) CODE coordinate the collection of infor- 
mation, as a pilot project, for a data bank to be 
established by CPUO. 

(12:2) each school develop a technique for tracing 
the career histories of its graduates, and maintain 
records for its own use and for use in manpower 
studies. 

(12:3) each engineering school undertake its own 
annual unit cost study, in order that trends may 
lie detected and policies established for the con- 
tinuous assessment and control of costs. 

(12:4) CODE assess the information to be col- 
lected for the CPUO data bank, and recommend 
to CPUO what additional data should be as.sem- 
bled to facilitate program assessments and ac- 
creditations. 



/<p/ 
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B ENGINEERINC; ENROLMENTS AND DEGREES AWARDED 
C SOME COMMENTS ON TELEVISION-LINKED CLASSROOMS 
D SPECIAL RESEARCH FACILITIES 
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F ONTARIO ENGINEERING TEACHERS 
G PLACEMENT EXPERIENCE 
H UNIT COSTS 

I QUESTIONNAIRE TO ONTARIO FACULTIES OF ENGINEERING 
J STUDY VISITS 




The University of Western Ontario, London 12, Canada 



Faculty of Engineering Science 



October 20, 1970 



Dean R. M. Dillon 
Faculty of Engineering Science 
The University of Western Ontario 
London 72, Canada 

Dear Dean Dillon: 

Re ; The visit of the Committee of Presidents of Universities 
of Ontario Study on Engineer ing Education. April 28 « 1970 , 

You may recall an opinion which 1 expressed, during the visit of the Committee 
of Presidents, which was based on my experience of the"Laval Exchange". 1 
understand that you were instrumental in developing this program and 1 think it 
was a milestone in the development of Engineering Education. 

At the meeting of April 28, 1 pointed out what 1 thought were some of the 
benefits : 

- contact with French-Canadian engineering students (and vice-versa) 
even for those not participating directly. 

- an opportunity for participants to get a conversational and technical 
knowledge of our other language. 

- an opportunity to appreciate our entire Canadian culture. 

To me, the fostering of the "Laval Exchange" is the most Imjiortant problem 
in the development of engineering education in Canada. 

1 feel the interchange of engineering students between French and English 
speaking schools should be extended from British Columbia to Newfoundland 
and should be supported by tax dollars. Moreover, 1 feel such an undertaking 
can be extremely successful if undertaken with the attitude of accepting two 
Canadian cultures. Finally, I believe that the greatest benefits will be the 
favourable experiences of bicultural engineers filtering down through all 
walks of life in Canada. 

When 1 expressed these ideas to the committee on April 28, there was not 
a large group of students present but, 1 recall, all those who were present, 
both from Laval and Western, approved in general. 

Although these suggestions need much more thought and discussion, 1 hope you 
will consider them as serious and realistic proposals for the development 
of engineering education. 



Sincerely yours 




Michael Hogan 
Ph.D. Candidate 
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APPENDIX A 

STUDENT OPINIONS 



Tlie followiiiji;; paragraphs arc cxccrpis from a 
paper entitled ‘’VVoiiien in Sriemc and En^i- 
nceriiiji;; — The l.ost Resoinre*’ written in March 
I97i) by Miss A. Majorins. a serond-year student 
in chemical cn|[^inccrin|[; at McMaster University. 

In this a|[;;e of rapidly advanciiiji; and chan|[;ing 
* technology, where there is a shortage of man- 
power in the scientific fields, we find that female 
enrolment and female employment in scientific 
and technological fields remains very low. There 
is a relnc tance to admit that there is a terrible 
waste of potential talent in the lack of women in 
science. 

Most often girls who are technically minded 
and whose interests lie in mathematics and science 
are steered towards other fields which are not as 
demanding, hut are more suited to the woman. 
It may l)c noted that almost as many girls show 
basic mathematical and technical aptitudes as do 
their male counterparts. The term technical apti- 
tude, is not to be confused uith the term mech- 
anical. Women arc naturally less mechanically 
minded, this being liroiight about l>y our environ- 
ment; the rules being that little girls play with 
dolls and little boys play with trucks and build- 
ing bicx'ks. Technical aptitude is not the same. It 
involves mathematical and analytical ability, as 
well as an interest in chemistry and the natural 
sciences. Here the gap closes. A test in an Ameri- 
can high school showed that of the boys and 
4.2% of the girls had aptitude for engineering.* 
This implies that women could make up 40% 
of all engineers — quite a bit more than the mere 
1% of today and more than enough to solve the 
engineering shortage in the next decade. 

Early conditioning by both parents and teach- 
ers, those from whom she needs special under- 
standing and encouragement, contributes to this 
low enrolment, as does the lack of information on 
opportunities in engineering and some sciences. 
• • • 

A woman entering the scientific professions 
undoubtedly encounters obstacles and barriers 
along the way. The traditional role of a woman 
in society is one major factor. Society has differen- 
tiated between what is to be considered a woman's 
work and what is a man’s. This may lead to a false 
conclusion; that science is not for the woman. 
.Society has also imposed certain character and 
behaviour patterns for both girls and boys. 

# • • 

’Popper and Herbert, **What You Should Know about Women Engi- 
neers”, Chemical Engineering, September 11, 1967. p. 170. 



The possibility of entering a M'ienlific profes- 
sion does not enter a girl’s mind until she is in the 
final years of high school. The conditioning 
should ( ome earlier, say in the first years of high 
.s( hool or final years of junior high. 

A girl, if she pursues a career in s< ience or 
engineering, is said to be ''different”. Women 
students whose thoughts are science-oriented 
would feel more (omfortable if a gi eater nuinber 
of women entered their student ranks, and that 
they did not feel, as often is the case, that they 
are thought of as "social oddities” because of 
their ( areer choices. As a result they run the risk 
of restricted opportunities for comfortable s(k ial 
relationships with other men and women. ^ A 
woman engineer, doctor or scientist would like to 
feel responsible for her individual performance as 
an engineer, doctor or scientist, not as a female 

engineer. d(H tor or scientist. 

* * * 

A professional woman should be competent in 
her profession. Her commitments, entering a 
scientific career, are the same as those of a man. 
In technic al. scientific, or administrative matters, 
sex differences should not be introduced. Each 
problem will require the .same ability and ohjec* 
tivencss in its solution. There is no set way of 
approaching n problem. Engineering involves 
social problems which need l)oth feminine and 

ma.sculine solutions. 

# # # 

To add to the Canadian statistic s. data from a 
Oepi’rtmcnt of Manpower and Immigration Sur- 
vey of Professional Manpower c onducted in 1967 
showed that there was a total of 3.3, .^44 people 
employed and residing in Canada, who stated 
their main field of employment was engineering. 
Membership in Engineering Associations in Can- 
ada is approximately 60,000 today. Of the total 
stated al)ove, .3.^> were indicated as female. The 
di.stribution among various disciplines were as 
follows: Aeronautical, I; Chemical, 6; Civil, 12; 
Electronics, 6; Geological, 2; Industrial, 3; Me- 
chanical, 2; Metallurgical, 2; Surveying, 1. 

Women now make up a smaller percentage of 
the total number of professional and semi-profes- 
.sional workers than before. This is due mainly to 
the fact that the number of male workers has 
increased very rapidly. The number of women in 
professional and semi-professional jobs has not 

risen proportionally with the total number. 

• • • 

^Women and the Scientific Professions, M.l.T, Symposium on American 
Women in Science and Engineering, edited by J. A. Mattfield and C. O. 
Van Aken (Cambridge. Massachusetts: the M.l.T. Press. 1965), p. S2. 
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I Icr mobility in job lo( ntioti will be limitnl by 
( omiiiitiiieiits to bet liirsbaiid, if ^hc is married. 
K\eii il mobility is possible, her c (iiimiitiiicnts to 
lif’iseir as well as to her husband will make her 
examine ( losely the effe( ts of her rareer deeisions 
on their happiness. A Inisband should show the 
same c onsideratioMs for his wile's thoiiRlits. A 
^\i \ wanting; to ^iiirsne a ( arecr in S( icnec will 
base to lace the fad that it will recpiiie imiepre 
c OIK i ntration. riicrc will be a demand for a more 
dominant place in the life than work in a less 
dynamic lieid. 

• • • 

Professional women are likely to marry men 

within their own or c losely related fields. VVonicii 
are from three to four times more likely to be 
siii^^le.^ Although edneational attainment bears 
no relationship to the marital status of men, it can 
be shown that the number of married women 
deerca.ses with eac h degree beyond the bac helor’.s.^ 

• • • 

p .72. 

•IhUi.. p. 7.1. 



Some women have loiiiid the answer in work 
that can be done at home — the analysis of tc*c Inn- 
cal literature, translation of technical writings or 
free-laiicT writing. Others have taken pait-timc 
jobs as laboratory (lemonstrators. lesearc h assis- 
tants, lec tnrers. tec linic iaiis or supply tcMc lievs. 

• • • 

Nfaiiy men feel instim tively that engineering 
is a male field and that it defemini/(*s a woman, 
riicre is little jnstific atioii for this, for no longer 
can the engineering profession be identified as a 
masc niine one. No longer is the image of an engi- 
neer one of a bridge- or dani-bnilder wearing the 
notorious hard hat. Today more and more 
engineers spend their time in ofiiees and air- 
conditioned lal)(7ratories. analyzing problems and 
doing product researc h and development. They 
analyze human needs and desig i appropriate 
products and prenesses. Women have different 
views on human needs than do men. Therefore 
both tan contribute significantly to the engineer- 
ing profession. 







94 



APPENDIX B 



EN(;iNEF.RING ENROI.MENTS AND 
DEGREES AWARDED 

PROVINCIAEEY ASSISTED UNIVERSITIES 
IN ONTARIO 



TAIII.E B-I Total Undergraduate Enrolments 
by Institution 

TAIII.E B-2 Freshman Enrolments by 
Institution 

TABI.E B-3 Graduate Enrolments by 
Institution 

TABI.E B-4 Graduate Enrolments by Discipline 
TABI.E B-5 Bachelor Degrees by Institution 
TABI.E B-6 Bachelor Degrees by Discipline 



TABI.E B-7 Master's Degrees by Institution 

TABUE B-8 Ma.ster s Degrees by Discipline 

TABLE B-9 Doctoral Degrees by Institution 

TABLE B-IODrx toral Degrees by Discipline 

FIGURE B-I Total Bachelor, Master's and Doc- 
toral Degrees — Ontario 

FIGURES B-2 

to B-1 3 Enrolment structure for each engi- 
neering school 



Table B-I 

Total UNDERCRAnuATE Engineering F.nrolment.s bv Institution: 1900-1909 
Provinciai.i.y-Assisted Universii'ies — Ontario 



UNIVERSirV 


IMO-SI 




I9S24) 


IM344 


1964 .«S 


1963.66 


1966 4i7 


1967.61 


I96F.69 


1969 70 


Caricton 


129 


104 


175 


200 


254 


302 


410 


475 


517 


538 


Guelph 


49 


.30 


31 


20 


30 


113 


120 


142 


145 


157 


Lakchead* 


80 


90 


81 


95 


110 


137 


147 


1.32 


140 


L58 


Laurentian 


15 


10 


3 


— 


9 


.32 


44 


40 


44 


51 


McMaster 


131 


140 


212 


248 


276 


294 


419 


435 


502 


504 


Ottawa 


123 


120 


130 


118 


174 


I8I 


205 


256 


337 


369 


Queen's*’ 


749 


793 


794 


786 


824 


902 


1.050 


1.1.34 


1.236 


1,300 


Toronto 


1.057 


1,409 


1,300 


1.406 


1.540 


1.599 


1.827 


2,072 


2,226 


2,199 


Waterloo* 


4.38 


041 


789 


1.076 


1.242 


1.542 


1.594 


1.907 


2,101 


2..349 


Western 


182 


228 


223 


244 


257 


279 


293 


285 


356 


442 


Windsor 


152 


180 


198 


208 


214 


244 


285 


.346 


393 


401 


Totals 


.3.711 


3,823 


3,936 


4,407 


4,936 


5.685 


6,406 


7,224 


8,003 


8,528 



■ locludint •nfijMcriiit dttrtt and icchnotocy pfotrami but cicJudint ■rchlicciurat Icchnology. 
blncludint peotofical sckncti. chemiitfy (cngiiitriiit). maihcmatin and «Dtincfriii|« and phy»ic&( cngine«rlni) ). 
cEicJudfait prt^ntiMtrinf and fifth ytar (IM04I to 
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Table B'2 

Frkmiman Enc.inkerinc Enroi.mf.nts hy Institution: I9fi0-1969 
Provin(;iai,i.y-A.s.si.stfi) Univer.sitifs — Ontario 



UNIVfRMTV 


I960.AI 


I9AI.A2 




I96I44 


I9M.«S 


IWS.M 


I9M 67 


I967.«B 


I96B-A9 


19*9-70 


(wirlclon 


40 


r>6 


77 


87 


109 


125 


206 


189 


187 


201 


(Midph 


— 


— 


— 


— 


— 


35 


42 


49 


47 


61 


Liikc*iic;i(M 


80 


86 


78 


95 


108 


1.34 


128 


115 


140 


109 


l.iiiircntian 


1.5 


10 


3 


— 


9 


32 


44 


26 


3i 


26 


M( M.iUcr 


72 


7.5 


83 


33 


107 


116 


217 


178 


185 


192 


Ottawa 


.5.3 


40 


.57 


42 


80 


78 


86 


105 


123 


127 


Qiiccir* 


238 


248 


2.54 


2.32 


240 


360 


362 


374 


3.56 


372 


*I oroiito 


403 


.378 


420 


.509 


529 


481 


652 


765 


766 


605 


Waterloo*^ 


182 


220 


.370 


509 


5.39 


688 


628 


689 


6,. 4 


693 


Western 


93 


100 


77 


89 


95 


no 


124 


116 


’62 


177 


Windsor 


.')2 


72 


65 


72 


67 


86 


104 


146 


145 


119 


Totals 


1.228 


1,29.5 


1,484 


1,718 


1,883 


2,245 


2.593 


2.7.52 


2.7.)9 


2,682 



a Includina rnaifHcrlng dcirre anri tcchnoloiy progranu. 
h i.ftiliMlinM prr engineering (|9(0<6I to 



Table B-3 

Engineering F.T.E. Graduate Enrolments by Institution: 1960-1969 
Provinoiali.y-Assisted Universities — Ontario 



UNIVIRSrV 


I9«0-«I 


I9«|.«2 


19*2-*) 


l96)-«4 


I964.«5 


19*5-6* 


I966-67 


I967-6B 


I9fig-*9 


1969-70 


Carleton 


— 


— 


2 


17 


16 


16 


64 


92 


113 


115 


Guelph 


12 


11 


11 


11 


17 


23 


27 


22 


22 


23 


McMaster 


8 


18 


26 


61 


88 


95 


118 


152 


191 


184 


OtLiwa 


14 


26 


.34 


52 


45 


46 


58 


66 


115 


156 


(Queen’s 


47 


63 


74 


84 


84 


73 


104 


125 


140 


168 


7 oronio 


206 


213 


229 


250 


313 


.347 


420 


.553 


587 


625 


Waterloo 


8 


11 


.30 


54 


116 


190 


277 


343 


433 


456 


Western 


— 


— 


4 


1.3 


17 


17 


30 


51 


75 


79 


Windsor 


— 


6 


6 


16 


27 


44 


59 


79 


89 


87 


Tot.il$ 


295 


.348 


416 


558 


728 


851 


1.157 


1.483 


1,765 


1,893 
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Table B-4 

Engineering F.T.E. Graduate Enrolments by Discipline: 1960-1969 
Provincially-Assisted I Universities — Ontario 



DISCIfLINB 


19«04>1 


i9tt-«: 


19*1-65 


1965-64 


1964-65 


19*5-6* 


19*6-67 


19*7-61) 


I96R-69 


19*9-70 


Aerospace 


26 


34 


42 


46 


50 


52 


49 


59 


74 


83 


ARriciilturc 


12 


11 


11 


11 


17 


23 


27 


22 


22 


23 


Clicmical 


45 


5.3 


59 


107 


135 


167 


199 


256 


327 


335 


Civil 


66 


70 


81 


99 


144 


176 


246 


322 


375 


411 


Design 


— 


— 


— 


— 


— 


7 


14 


17 


20 , 


23 


Electrical 


60 


87 


1 14 


147 


167 


195 


295 


367 


414 


463 


Fnviroiiinental 


— 


— 









.... 




8 


21 


. 15 


(Jeology 


16 


17 


24 


23 


20 


10 


13 


16 


18 


27 


Industrial 


— 


— 


— 


16 


26 


30 


33 


45 


39 


43 


Management Science 


— 


— 


— 


— 





2 


9 


25 


36 


33 


Mechanical 


46 


44 


48 


60 


97 


114 


178 


236 


289 


314 


\fetalliirgy 
and Xfaterials 


22 


25 


32 


45 


68 


70 


84 


96 


113 


104 


Mining 


2 


7 


5 


4 


4 


5 


10 


14 


17 


19 


Totals 


295 


348 


416 


558 


728 


851 


1,157 


1,483 


1,765 


1,893 
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Af)f)endixli 



Table B-f) 

Engineering Bachelor's Degrees by Institution: lOfil-lOfiO 

Ontario 



UNIVERSITY 


1960-61 


1961-62 


1962-63 


1963-64 


1964-65 


1965-66 


1966-67 


1967-68 


1968-69 


average 

bachelors 

DEGREES 
I'ER year 


Carleton 


18 


24 


.30 


24 


29 


49 


50 


58 


68 


39 


Guelph 


21 


17 


16 


II 


14 


18 


22 


28 


26 


19 


Me Master 


2 r> 


28 


27 


32 


17 


47 


52 


49 


58 


41 


Ottawa 


13 


i5 


20 


21 


16 


31 


2.3 


.34 


65 


26 


Qu;jen’s 


203 


180 


142 


120 


161 


149 


153 


166 


2.38 


168 


Toronto 


42f) 


387 


331 


.306 


257 


301 


.345 


.342 


339 


340 


V/aterloo 


— 


5)2 


98 


lOI 


115 


147 


140 


213 


268 


126 


Western 


20 


21 


26 


39 


42 


50 


47 


47 


47 


38 


Windsor 


— 


— 


31 


39 


41 


36 


37 


54 


61 


33 


Totals 


726 


724 


721 


693 


722 


828 


869 


991 


1,170 




RMC 


26 


63 


64 


82 


90 


76 


75 


9!' 


69 


71 


DISCIPLINE 


Table B-6 

Engineering Bachelor’s Degrees by Discipline 
Provincially-Assisted Universities — Ontario 

1960-61 1961-62 1962-63 1963-6^ '9C<-63 1965-66 


1966-67 


1967-68 


1968-69 


average 
BACHELOR'S 
DEGREES 
PER YEAR 


Chemical* 


119 


107 


91 


104 


123 


128 


147 


193 


236 


1.39 


Civil 


13.'» 


137 


130 


120 


145 


168 


139 


190 


203 


1.52 


Electrical 


139 


136 


166 


178 


165 


191 


220 


239 


259 


188 


Mechanical 


128 


153 


147 


1.38 


132 


173 


182 


204 


284 


171 


Engineering 

Science*^ 


99 


103 


102 


88 


89 


64 


66 


60 


57 


81 


Miningand 

Geology 


35 


24 


24 


13 


12 


17 


16 


15 


26 


20 


MetaJiuigy 
and Materials 


22 


14 


23 


20 


26 


31 


34 


24 


33 


25 


Industrie’! 


28 


33 


22 


21 


16 


38 


43 


38 


46 


32 


Agriculture 


21 


17 


16 


11 


14 


18 


22 


28 


26 


25 


Totrds 


726 


724 


721 


693 


722 


828 


869 


991 


1,170 




a Including engineering chemistry, 
b Including engineering physics, and 

UNIVERSITY 


mathematics and engineering. 

Table B-7 

Engineering Master's Degrees by Institution 
Provincially-Assisted Universities — Ontario 

1960-61 1961-62 1962-63 1963-64 1964-65 1965-66 


1966-67 


1967-68 


1968-69 




Carleton 


— 


_ 


1 


1 


16 


15 


22 


15 


5 




Guelph 


3 


3 


5 


8 


5 


5 


16 


16 


12 




Me Master 


— 


3 


5 


8 


15 


23 


33 


32 


43 




Ottawa 


3 


I 


9 


6 


10 


11 


11 


15 


19 




Queen’s 


25 


36 


37 


33 


31 


47 


23 


28 


30 




Toronto 


60 


88 


51 


72 


90 


99 


98 


125 


169 




Waterloo 


4 


1 


10 


19 


24 


44 


79 


99 


103 




Western 


— . 


— 


— 


2 


2 


13 


8 


14 


31 




Windsor 


— 


— 


5 


5 


16 


18 


22 


20 


29 




Totals 


95 


132 


123 


154 


209 


275 


312 


364 


441 
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Table B-8 



Engineering Master’s Degrees bv Discipline 
Provincially-Assistei> Universities — Ontario 



DISCIPLINE 


I960 61 


1961-62 


1962-63 


1963-64 


1964-65 


1965-66 


1966-67 


1967-68 


1968-69 


Chemical 


15 


lf> 


20 


24 


31 


41 


42 


71 


75 


Civil 


25 


34 


32 


13 


53 


64 


85 


75 


111 


Electrical 


L’l 


16 


29 


39 


52 


65 


71 


101 


101 


\Ierhanical 


15 


19 


15 


19 


32 


51 


45 


46 


65 


Metallurgy 

Nfiningand 


5 


13 


11 


8 


6 


23 


23 


15 


28 


Geology 


f) 


16 


7 


5 


5 


8 


8 


6 


5 


Agriculture 


3 


3 


5 


8 


5 


5 


16 


16 


12 


Industrial 


— 


— 


— 


5 


6 


7 


9 


9 


10 


Environmental 


— 


— 


— 


— 


— 


— 


— 


8 


18 


Aerospace 


9 


15 


4 


12 


19 


11 


13 


17 


16 


Totals 


95 


132 


123 


154 


209 


275 


312 


364 


441 



Table B-9 

Engineering Doctoral Degrees by Institution 
Provincially-Assisted Universities — Ontario 



UNIVERSITY 


1960-61 


1961-62 


1962-63 


1963-64 


1964-65 


1965-66 


1966-67 


1967-68 


l%8-69 


Carleton 


— 


— 


— 


— 


— 


1 


1 


3 


3 


Guelph 


— 


— 


— 


— 


— 


— 


— 


— 


1 


McMaster 


— 


— 


— 


— 


— 


2 


4 


10 


6 


Ottawa 


1 


— 


— 


2 


3 


1 


6 


4 


5 


Queen's 


1 


4 


1 


4 


2 


7 


5 


2 


9 


Toronto 


14 


14 


12 


13 


20 


23 


46 


26 


31 


Waterloo 


— 


— 


2 


1 


2 


5 


15 


14 


28 


Western 


— 


— 


— 


— 


— 


— 


— 


— 


1 


Windsor 


— 


— 


— 


— 


1 


— 


1 


1 


3 


Totals 


16 


18 


15 


20 


28 


39 


78 


60 


87 



Table B-10 

Engineering Doctoral Degrees by Discipline 



Provincially-Assisted Universities — Ontario 



DISCIPLINE 


1960-61 


1961-62 


1962-63 


1963-64 


1964-65 


1965-66 


1966-67 


1967-68 


1968-69 


Chemical 


6 


4 


4 


3 


4 


11 


13 


11 


21 


Civil 


3 


3 


2 


3 


2 


9 


15 


12 


16 


Electrical 


2 


— 


1 


5 


6 


7 


7 


13 


21 


Mechanical 


— 


4 


4 


1 


2 


2 


14 


9 


15 


Metallurgy 


3 


1 


2 


2 


8 


3 


10 


11 


5 


Mining and 
(ieology 


1 


2 





2 


1 


1 


4 


— 


1 


Agriculture 


— 


— 


— 


— 


— 


— 


— 


— 


Industrial 


— 


— 


— 


— 


— 


2 


2 


2 


2 


Aerospace 


1 


4 


2 


4 


5 


4 


13 


2 


6 


Totals 


16 


18 


15 


20 


28 


39 


78 


60 


87 
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NUMBER OF DEGREES 



Figure B-1 - ENQINEERINQ DEGREES - ONTARIO 
PROVINCIALLY-ASSISTED liNIVERSITIES 
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APPENDIX C 



SOME COMMENTS ON TEI.EVISION- 
MNKED CLASSROOMS 



The continuing education of employed engi- 
neers is part of the concern of all engineering 
educators. In tlie past, this need has been met by 
late afternoon or evening courses presented on 
campuses in the metropolitan universities and 
attended by full-time and part-time students. 
Such a practice has inherent disadvantages — the 
disruption of daytime lecture schedules for full- 
time students and the commuting and parking 
problems facing part-time students. Attendance 
by employed engineers at regularly-scheduled 
daytime lectures is difficult for the off-campus 
students, involving travel time and the general 
disruption of their working day. The presenta- 
tion of a broad graduate program at several 
widely dispersed sites presents even greater diffi- 
culties. The University of Florida exemplifies 
this latter situation. While the main campus is 
at Gainesville, there was a need to provide pro- 
grams at three distant and smaller satellite cam- 
puses in centres of concentrated technological 
activity — Daytona Beach, Orlando and Cape 
Kennedy. The solution, developed by Thomas 
I.. Martin, the then Dean of Engineering, was a 
television network linking the four campuses 
with a one-way video and two-way audio system. 
The system is named Genesys (University of 
Florida Graduate £A^gineering Educational S}"S- 
tem) and a full description may be found in Nos. 
1, 2 and 3 of the bibliography at the end of this 
appendix. 

A general description of Genesys is provided in 
the report of a conference of the American Soci- 
ety of Engineering Education (No. 4 of the bibli- 
ography) . It provides cost data, although the 
authors point out that these are actual costs which 
certainly would be lower for future installations 
in the light of experience with the system. They 
cover the expenses involved in building and 
equipping studio-classrooms (7,500 ^q. ft. at 
Daytona, 7,500 sq. ft. at Orlando, 23,000 sq. ft. 
at Port Canaveral) . Land values are included in 
the cost (a total of 60 acres at $2,500 per acre) . It 
is emphasized that the amortization and the main- 
tenance of physical plant account for more than 
two-thirds of the fixed portion of the annual cost 
of running the system. The balance, $110,000 
annually, is TV line rental from Southern Bell 
Telephone and Telegraph Company. The fixed 
costs for Genesys at Florida are shown in Table 
C-1. 



Table C-1 

Annual Fixed Costs for GENESYS System^ 



TV and phone line rental $110,000 

Maintenance of physical plaiit^ $1 10,000 

Amortization of physical plant^ $100,000 



TOTAL $320,000 

Per course (based on 196 courses 

a year) $ 1,640 



a The system operates on a triangular network, with cable lengths of 80, 
50 and 50 miles per side. 

b Includes buildings, land, furnishings and all TV equipment and support- 
ing facilities. 

Variable costs include the salaries and support- 
ing costs of ten resident professors, eight adjunct 
professors and a proportion of the salaries of pro- 
fessors involved in the program on a part-time 
basis. Also included are technical and clerical 
costs, based upon the presentation of 196 
“courses'* per year. Many of the “courses” are 
very short — indeed the unit course involves an 
average of only 45 student hours. 



Table C-2 

Variable Costs of GENESYS System 





Cost 


Courses 
(per year) 


10 GENESYS resident 


professors 


$180,000 


7f) 


8 GENESYS adjunct 


professors 


.*52,000 


32 


Main campus professors 


(part-time) 


1 10,000 


88 


TOTAL 


$392,000 


196 



Variable cost per course $2,000 

Table C-3 shows the summary of the total 
costs of the Florida System. Average course pop- 
ulation is assumed to be 15 students, with 3 
student hours per course unit. 



Table C-3 

Total Cost of the GENESYS System 



Type of Cost 


Annual 


Per “Course” 


Per Student 
Hour 


Fixed Cost 


$320,000 


$1,640 


$37 


Variable Cost $392,000 


$2,000 


$44 




$712,000 


$3,640 


$81 



It is recognized that these figures represent 
one particular situation and are provided here 
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to give a gross estimate of the costs attributed to 
the use of a one-way video, two-way audio 
system. 

A commercial enterprise has developed out of 
this Florida experience: GENESYS Systems, 
Incorporated, 1479 Plymouth Street, Mountain 
View, California 94040. Over the past three 
years, this company has contracted with Stan- 
ford University, University of Southern Califor- 
nia, Rensselaer Polytechnic Institute, Union 
College, University of Illinois, Unive'sity of 
Pennsylvania, Dicxel University and University 
of Minnesota. The only system observed by 
members of the study group was that at Stanford 
University, where it was used with satellite lec- 
ture rooms in aerospace industries in the vici- 
nity. A description can be found in No. G of the 
bibliography. 

Two-way video is regarded as being prohibi- 
tively expensive, but the pedagogical importance 
of the talk-back feature seems to be well estab- 
lished. The largest single item of operating cost 
is the leasing of dedicated cable on which the talk 
back feature adds about 15% to the rental 
charge. 
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106 



APPENDIX D 



SPECIAL RESEARCH FACILIl lES 

It seems worthwhile to list special major 
research facilities which have been installed in 
the engineering schools. A complete inventory 
would be a formidable and probably not very 
useful task, but a list of “special” facilities does 
involve subjective decisions. However, this risk 
is accepted. The result is the following list. 

Carle tou University 

1. Closed-circuit low-turbuleme wind tunnel — 
working section 20 inches by SO inches, speeds 
up to .SOO ft. per second. 

2. Solid state device fabrication laboratory — 
class 100 laminar flow clean room with diffu- 
sion furnaces, vacuum deposition equipment 
and facilities tor characterization and testing. 

S. Electron beam systems: a 1.8 kilowatt, ISO 
kilovolt system and a 48 kilowatt, 70 kilovolt 
system. Included are a 7 cubic metre vacuum 
faculty, X and y beam scanning capability and 
in-vacuum tooling. 

University of Guelph 

1 . Elora Research Station — a major facility made 
available by the Ontario Department of Agri- 
culture and Food, for agricultural engineering 
research. 

McMaster University 

1. Nuclear Reactor: A swimming pool nuclear 
reactor, powered by enriched uranium fuel, 
with 5 megawatt power capacity. 6 neutron 
beam-port lubes, hot cell with 5000<urie 
gamma source, and a high-intensity gamma 
room. Peak flux is 3x 10*^ neutrons/cm^ (sec). 

2. Model FN Tandem van der Graaff Accelera- 
tor: Maximum terminal energy 8 Megavolts, 
capable of accelerating light and heavy posi- 
tive ions. 7 different beam p>ort facilities. 

3. Applied Dynamics Laboratory: Major struc- 
tural testing facility for testing of structures up 
to 35 feet high. Large assortment of constant 
— and pulsed — loading equipment, 

4. Materials Research Institute: Fully equipped 
laboratories for research on solid materials. 
Includes helium liquefier, activation analysis 
laboratory, two electron microscopes and two- 
channel electron probe microanalyzer. 



5. 220 MHz Nuclear Magnetic Resonance Spec- 
trometer: shared with University of Toronto. 
Located at Ontario Research Foundation, 
Sheridan Park. 

(hieen's University 

1. Coastal engineering laboratory: a 20,000 
square foot laboratory, housing wave tanks, 
sedimentation flumes, water tunnels and a 
model harbour basin. 

2. Cold Room: 1,000 square feet for testing pur- 
poses. Will maintain temperatures of — 20°F, 

3. Mineral Engineering Laboratories: Full range 
of equipment for mineral processing. 

University of Toronto 

1. Structures Testing Laboratory: Full comple- 
ment of high capacity test equipment for 
the static and dynamic testing of structures. 
Includes high pressure triaxial testing appara- 
tus (1.500 psi) . 1200 Kip testing machine and 
a range of cyclic loading equipment. 

2. Computer Research Facility: A separate com- 
puter system, concentrating on real time, 
hybrid and special computing equipment. 
Includes IBM 360 Model 4, Applied Dynamics 
AD/4 analogue, IBM 2250 video display, Cal- 
comp plotter and two remote analogue and 
digital terminals for interfacing with the IBM 
360/44. 

3. Corona Research Laboratory: AC and DC 
test facilities up to 300 and 260 kilovolts 
respectively for the study of corona discharge 
phenomena. Instrumentation available for 
pulse waveform display, measurement of radio 
noise and of corona losses. 

4. Radio Telescope: a 60-foot radio telescope 
located at the NRC National Radio Astron- 
omy Laboratory in Algonquin Park. 

5. Human Factors Laboratory: Equipped to 
study the information processing capability of 
human sensory and perceptual systems. 

6. Towing Channel: 200 ft. x 5 ft. x 5 ft., with 
precision carriage and dynamometer. 

7. Biomedical Electronics Laboratories: A group 
of five laboratories tor studies in the applica- 
tion of electronics to medicinal problems. 

8. Institute for Aerospace Studies: An elaborate 
facility at Downsview tor aerospace research. 
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Equipment indiicles low-density pl;isin;i tiiii- 
iiels, liyp<TV(’l(K ity hmndicr, m.i^neto r.is 
dyn.’miir power ^ener.itor, .iiiedmu ( haniben 
a space siimilator, luRh-power, tmiaMe pulsed 
lasers, and a flight siinnlator. 

VfuvvrsUy of Wnferino 

1. F.nvironniental Mcalih Laboratory: eqnip» 
nient indndes Warburg respiromefer. refrig- 
erated (Tiitrifiige, and controlled environment 
rooms. 

2. Power Engineering Research Laboratory: 
equipped with an analogue simulator for 
studying liigh voltage D.C. transmission prob- 
lems, high voltage A.C. and D.C. test equip- 
ment for voltages to aOO kilovolts. 

3. Manufacturing Sciences Laboratory: 
equipped with horizontal iniliing machine, 
Havlik plastic injection machine, Itlohm 
grinder, VDF production lathe. 

i. Experimental Chimneys and Atmosphere Dif- 
fusion Range. 



a. Coinbiistion Laboratory: includes ^ test cells, 
fi atmospheric test bays and open fire test area. 

Ihiivf^twity of Western Ontario 

1. noiindary Layer Wind Tunnel Laboratory: 
Open return wind tniuiel with a working sec- 
tion 100 ft. X 8 ft. X to 7l/^ ft.) high. Fan 
is iO I LP. (8 ft. diameter) . variable pitc h. 
Maximum air speed: 00 ft. per second. 

2. Thermophysical Laboratory; spec ial capabil- 
ity of extremely precise measurement of en- 
thalpy differeiKes, and other themophysical 
properties. 

M. Elec trostatics Laboratory: equipped to study 
electrification in high vacuum, charging of 
aerosols, electrostatic precipitation and benefi- 
ciation of minerals by electrostatics. 

4. BicK'hemical Process Laboratory: four fermen- 
tation reactors (largest 100 litres) , with ancil- 
lary equipment for control and recording of 
pH. gas and energy transfer, temperature and 
mixing intensity. 



RESEARCH INSTITUTES 



UNIVERSITY 



Carleton 



Guelph 



INST’TUTE 


DATE 

STARTED 


SIZE AND RESOURCES 


MODE OF OPERATION 


Electronics 
and Com- 
munications 


Planning 

■StaRe 


A proposed institute concerned 
with the related areasof elec- 
tronics and communiertions. A 
joint endeavour with Queen’s 
University, industry, :md 
government. 


N/A 


Transporia 

tion 

Institute 


Plaining 

Stag.* 


A proposed institute, originating 
in the Faculty of Engireering. As 
it develops it will beceme inter- 
disciplinary; will relate to the 
federal transportation agencies. 


N/A 


Centre for 
Resources 
Develop- 
ment 




Involves Departments of Geog- 
raphy, Economics, Agricultural 
Economics, .Soil Science and 
Zoology, and Schools of I land- 
scape Architecture and 
Engineering. 


Interdisciplinary research 
group, using individual 
grants as financial source. 


Interdisci- 

plinary 

Committee 

on 

Hydrology 




Involves School of Landscape 
Architecture, Agricultural Engi- 
neering and Soil Science. 




Food 

Research 

Institute 


Planning 

Stage 


To involve Department of Agri- 
cultural Engineering, Food 
Science, Microbiology, Horticul- 
tural Science, Agricultural Eco- 
nomics, Nutrition, Animal 
Science. 

}0L^ 


Interdisciplinary Institute, 
funded by Department of 
Industry, T rade and 
Commerce. 
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Af)f)vndi\ I) 



OATI; 

UNIVIRSnV INSTUUH. STAHTIO 



%./i AND HrM)uncrs 



M(Mastcr Institute 
lor 

Materials 
ReseaK h 



infi? Involves iOla(nltynicnil)cr.s (10 
from En^iiu crin;;;) , part-time; 

1 IT) graduate students (10 from 
eiif^ineeriiif;) ; 30 |>ost -doc torate 
fellows (7 from engineerinK) 
2r>,000 stj. ft. of laboratory a id 
oirire-spac r*. Equipment includes 
helium liqiuTier, electron probe 
ini( roanalyzer, inetallofijaphic 
equipment, ( rystal prowtb 
equipment. 



Centre for 1967 
.\pplied 
R esc, mb 
and 

Eii^ineL rin^ 

Design 

(CARED) 



(operated on federal and univer- 
sity support; .$.^>0,000 per year 
from Department of Industry, 
Trade and Commerce, and 
S2a.000 per year from McMastcr 
University. 

Interdisc iplinary contract 
rescareli institute, lOfulbtime 
staff (2 engineers) ; 24 engi- 
neers as project consultants. 1970 
income about $275,000. Has own 
office staff and facilities; labora- 
tory facilities leased from 
University. 



.Applied 1968 An interdisciplinary dynamic* 

Dynamics laboratory, financed on c apital 

1 .aboratory development program, as tc.»' h- 

ingand research facility. Full- 
time manager (professional engi- 
neer) , 4 technicians, 25 graduate 
students, 3 post-doctorate fellows, 
9 faculty members (part-time) . 
Structural test bay, universal 
testing machines MTS dynamic 
loading unit (20,000 pounds 
force) . 



Canadian 
Institute 
for Metal- 
working 



1970 Funded by a $600,000 grant (5 
years) from Depai tment of 
Industry, Trade and Commerce. 
Ultimate full-time staff alxMit 10 
(S graduate engineers) . Will 
operate on an inventory of leased 
machine tools (value about 
$250,000) , with full access to 
McMaster shops, and reciprocal 
agieement with Mohawk College. 







MOUfc OI OPI RATION 

Finam cd by N Re- 
negotiated development 
grant ($500,000) . Operated 
as an institute with a 
dire( tor who is a faculty 
member. 



Operated as an Industrial 
Research Institute. Incorpo- 
rated in 1970 as university- 
owned and -operated com- 
pany. Executes projectson 
( ontract for industry and 
government; faculty mem- 
bers as consultants. 



Operated ns interdiscipli- 
nary facility, through lasers* 
Committee. Operating 
finaiK'es through re.search 
grants and CARED income. 



Self-contained entity, oper- 
ated through CARED. 
Advi.sory board develops 
policy, executed by manager 
and staff. Aims; (I) national 
information centre on 
metal-working; (2) presen- 
tation of courses to operators 
and management; (3) 
development of metal- 
working production 
methods and cutting 
techniques. 
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UNIVERSITY INSTITUTE 


DATE 

STARTED 


SIZE AND RESOURCES 


MODE OF OPERATION 


Ottawa Institute for 

Northern 
Develop- 
ment 


Planning 

Stage 


N/A 


N/A 


Water 

Resources 

Centre 


Planning 

Stage 


N/A 


N/A 


Centre for 
Study on 
Com muni- 


Planning 

Stage 


N/A 


N/A 



cations and 
Computers 



Queen's Centre for 
Metals and 
Mineral 
Technology 



1968 



Research expenditures of 
$300,000 per year financed by 
grants from Cominco, AECI., 
Esso Research and Engineering, 
International Nickel of Canada, 
NRC, DRB. 1 1 faculty members, 
25 graduate students, 5 post- 
doctorate fellows, 10 technical 
assistants* Laboratory and office 
facilities in departments of Metal 
lurgical Engineering, Physics, 
and Chemical Engineering. 



Interdisciplinary research 
group, funded by federal 
government and industry. 
Primary aim — better inte- 
gration of industry and uni- 
versity interests and 
activities. 



Canadian 
Institute of 
Guided 
Ground 
Transport 



1970 



Financed bv grant of $1 00,000 
per year from each of Ca nadian 
National Railways, Canadian 
Pacific Railway and Canadian 
Transport Commission, Mth 
additional support in kind from 
Queen's University. Research 
will be performed by university 
faculty at Queen’s or elsewhere, 
on the basis of submitted propo- 
sals. Proposed future space alloca- 
tion of 10,000-20,000 square feet; 
at present use existing laboratory 
facilities. Has own administrative 
personnel. 



Director appointed by Prin- 
cipl of Queen's, may be a 
member of facultv. Cur- 
rently r:m by acting direc- 
tors: H. G. Conn until 
October 1970, Clifford 
Curtis after October 1970. 



Institute Planning N/A N /A 

for Studies Stage 
in Commu- 
nications 






no 



Appendix D 



UNIVERSITY 

Toronto 



Waterloo 



Western 

Ontario 



INSTITUTE 



DATE 

STARTED 



SIZE AND RESOURCES 



Institute 1949 

for 

Aerospace 

Studies 




Started by a DRB grant in 1 949, 
is now supported by IS funding 
agencies in Canada and the U.S.A. 
totheextentof$666,000annually. 
Staffed by 15 full-time professors, 
with a total of 8S graduate stu- 
dents in 1969. New Building on 
1 8-acre site provided by U. of T., 
constructed in 1959 (DRB 
financed) . Extensions to building 
i n 1 96 1 -63 with funds of U . of T. 
and Ford Foundation. Large 
supersonic wind tunnel, shock 
tubes, rocket research laboratory, 
low-speed wind tunneb anechoic 
chamber, hypervelocity labora- 
tory, structural mechanics 
laboratory. Operating budget, 
1969-70,1458,000. 



Institute of 1962 A full-time staff, 8 supporting 
Bioir cdical staff, 20 part-time staff, 30 

Electronics students (graduate and under- 

graduate). 10,000 sq. ft. of labora- 
tories and offices. 



Industrial 1 967 Operated on $48,000 per year 
Research from Department of Industry, 

Institute Trade and Commerce, and serv- 

ices and facilities supplied by the 
university. Interdisciplinary con- 
tract research institute, 5 full- 
time staff (2 professionals, 3 
secretaries) ; 1970 income about 
S300,000. 



Centre for 

Radio 

Sciences 



1 968 1 2 members (2 engineers) , 1 4 

associate members (1 engineer) . 
Has one permanent building at 
the Delaware Radio Observatory. 



Centre for Planning N/A 

Air Stage 

Pollution 

Studies 



MODE OF OPERATION 

A separate graduate division 
of the Faculty of Engineer- 
ing, with a director who is a 
member of faculty. Respon- 
sible for entire research pro- 
gram and undergraduate 
teaching in the aerospace 
sciences. 



Operates research program 
common to medicine and 
engineering. Provides edu- 
cation in physical sciences 
for medical personnel, and 
in life sciences for engineers, 



Operated as an Industrial 
Research Institute. Labora- 
tory facilities paid for by 
overhead charges and direct 
assessment on contract. 
Faculty members as consul- 
tants and principl investi- 
gators. 



Interdisciplinary research 
group to execute research in 
radio science. Projects are 
individually supported and 
are related to the national 
space program. 

Has the objective of coordi- 
nating teachingand research 
relative to control of air 
pollution and establishment 
of air quality criteria, and 
of offering courses to indus- 
try and government. 



Ill 



UNIVERSITY INSTITUTE 



DATE 

STARTED 



SIZE AND RESOURCES 



MODE or OPERATION 



Western Institute Planning 

Ontario for Stage 

Coni, Industrial 

Cooperation 



N/A 



A proposed Industrial 
Research Institute with sup- 
port from the Department 
of Industry, Trade and 
Commerce, to perform 
industrial research on 
contract. 



Centre for Planning 

studies in Stage 

Technology, 

Innovation 

and Human 

Affairs 



N/A 



Would sponsor educational 
and research programs on 
Canadian science policy — 
goals and priorities. 



Windsor Industrial 
Research 
Institute 



1967 



Supported by an annual grant 
from Department of Industry, 
Trade and Commerce, of $35,000, 
22 faculty members involved in 
industrial projects as consultants; 
projects also involve graduate 
students and technical staff. 
Laboratory services leased from 
University. Salaried manager, 
administrative assistant and office 
personnel. 



Incorporated in 1967 as 
limited liability company 
owned by the University, 
Board of Directors: univer- 
sity, industry, government 
represented. President: 
Dean of Applied Science. 
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APPENDIX E 



ESTIMATED EQUIPMENT INVENTORIES-- FACULTIES OF ENGINEERING 



Value of Equipment (thousands of dollars) 



University 

Carle ton 

Guelph 

Lakehead 

Me Master 

Ottawa 

Queen’s 

Toronto 

Waterloo 

Western 

Windsor 


Teaching Function 

256 

142 

724 

660 

975 

3,156 

1,031 

960 

847 


Both Teaching and Research 

665 

190 

650 

1,264 

280 

1,340 

2,332 

2,346 

640 

401 


Research Only 

126 

142 

25 

767 

500 

2,089 

5,738 

733 

640 

635 


Total 

1,047 

474 

675 

2,755 

1,440 

4,404 

11,226 

4,110 

2,240 

1,883 




8,751 


10,108 


11,395 


30,254 



a Equipment only — does not include buildings or furnishings. 
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PERCENT PERCENT PERCENT 



Figure F-1 - DEGREES HELD BY ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 
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Figure F-2 - DEGREES HELD BY ONTARIO ENGINEERING 
TEACHERS - BY DISCIPLINE 1969-70 
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Figure F-4-AGE DISTRIBUTION OF ONTARIO ENGINEERING 
TEACHERS - BY DISCIPLINE 1969-70 





Figure F-3 - AGE DISTRIBUTION OF ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 
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Figure F-5 - BIRTHPLACE OF ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 
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Figure F-6 - BIRTHPLACE OF ONTARIO ENGINEERING 
TEACHERS - BY DISCIPLINE 1969-70 
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Figure F-8 - UNIVERSITY OF LAST DEGREE OF ONTARIO 
ENGINEERING TEACHERS - BY DISCIPLINE 1969-70 
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Figure F-7 - UNIVERSITY OF LAST DEGREE OF ONTARIO 
ENGINEERING TEACHERS - BY UNIVERSITY 1969-70 
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Figure F-9, Part 1 - EXPERIENCE OF ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 




NOTE: FIGURES IN SHADED PORTION 

ON LEFT REPRESENT PERCENTAGE 
IN 0-S YEAR RANGE M — MEDIAN 
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Figure F-9, Part 2- EXPERIENCE OF ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 





NOTE: FIGURES IN SHADED FORTION 

ON LEFT REPRESENT PERCENTAGE 
IN 0-S YEAR RANGE M — MEDUN 
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Figure F-9. Part 3 - EXPERIENCE OF ONTARIO ENGINEERING 
TEACHERS - BY UNIVERSITY 1969-70 
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APPENDIX G 



PLACEMENT EXPERIENCE 

One of tho better yardsticks for measuring thv“ 
demand for engineers is the intensity of recruit* 
ment activity at the universities. There is a place- 
ment service .i each campus which is responsible 
for organ’ *ig student interviews with potential 
employers, and so the following was asked in the 
questionnaire sent to the Ontario faculties of 
engineering (Appendix I, question 6c): 

‘Tlease provide any recent reports or statis- 
tics on student placement services for engi- 
neers ill your university. Include any 
remarks you would care to make concerning 
the placement of graduate students, particu- 
lary Ph D.^.’^ 

Unfortunately, the request was not sufficiently 
specific and this resulted in a variety of responses. 
Consequently, it has not been possible to com- 
press the data into tabular form. However, the 
answers did provide some interesting information 
and we have reproduced comments taken from 
the submission of ea^ h university. 

CARLETON UNIVERSITY 

It provided information covering the years 
1966-67 and 1967-68 which lists the number of 
interviews arranged for engineering students, the 
B.Eng. grrdiiates, and their place of employment 
on graduation. These data can be summarized 
as follows: 

For 1966-67, !^9 companies held 201 interviews 
with 37 baccalaureate graduates, 30 of whom 
accepted offers of employment. In 1 967-6 J, 40 
companies held 291 interviews with 43 students, 
27 of whom were employed following graduation. 

UNIVERSITY OF GUELPH 

No statistical data are available on the place- 
ment services provided for its engineers. The 
small number of graduate students have posed 
no problems, with the exception of those from 
Asia. There has been m indication that more 
graduate students with a professional orientation 
could be placed in the processing and service 
industries associated with agri. jitiire. 

Me? iASTER UNIVERSITY 

The Canada Manpower Centre, in conjunction 
with the University, makes available a Student 
Placement Office on campus. Graduating engi- 
neering students have not encountered problems 
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in gaining suitable employment before the date 
of their graduation. However, some foreign 
students encounter pkicemcnt difficulties and 
may remain unemployed for several months after 
graduation. 

A survey of their Ph.D. graduates bows them 
to be employed as follows: 



University teaching in Canada I 

University teaching in LI.S.A. 2 

Employed by industry in Ciinada 8 

Employed by industry in U.S.A. 10 

Government service in Canada 2 

Government service in Pakistan 1 



Post-doctoral Fellowship in Great Britain 1 

UNIVERSITY OF OTTAWA 

Undergraduate students arrange interviews 
with prospective employers through the Student 
Placement Service. Graduate students may avail 
themselves of these facilities but some seek em- 
ployment independently. Ph.D. students here 
have encountered difficulties recently in securing 
positions to their particular liking and interest. 

QUEEN’S UNIVERSITY 

As far as undergraduate employment is con- 
cerned at least 90% of the Applied Science 
students registered in September 1969 had been 
able to secure employment during the previous 
summer. 

Table G-1 

Undergraduate Employment — Queen’s 



Year 


% of summer 
epiployment 


% of jobs held relevant to 
their Applied Science courses 


1 


87.1 


54.5 


2 


91.2 


63.6 


3 


91.0 


74.9 


4 


90.9 


89.2 



We are not aware of any serious difficulty in plac- 
ing engineering Ph.D. graduates. In recent years, 
with few exceptions, the demand for graduate 
engineers has exceeded the supply, although this 
year there has been a drop in the numher of offers 
per student. 

U N IVERSITY OF TORONTO 

In the early months of the 1968-69 academic 
year, some concern was expressed by placement 
officers and recruiters over the lessening in de- 
mand for university graduates that appeared to 






f’dca the class of lOhO. There were expressions ol 
gloom in regard to Canada’s economic situation, 
interest rates on expansion capital were high, 
and a general mood ol helt-tightening prevailed 
in both the public and private sectors. A good 
iHiniher of government and industrial rec i'uiters 
were actively considering a temporary halt to 
campus rccTuiting. Employers who did arrange 
visits scaled down their estimates of requirements 
for graduates. All the.se factors .seemed to pertain 
to the situation in the labour market at the end 
of 1%8. A large number of community college 
oraduates would he available, and moreover many 
employers began to embark on .serious efforts to 
achieve better utilization of pre.sent sufF before 
taking on any additional personnel. Undoubt- 
edly, this policy has had some .short-term adverse 
effects on the demand for university graduate.^, 
but in the long run it should enhance their posi- 
tion within the organization and also ensure that 
jobs offered to them will be more fully compat- 
ible with their abilities and education. 

Early in 1909, there tvas a renewed demand for 
graduates, particularly at the bachelor’s level. 
Employers who had been on campus again 
approached the Placement Centre to advertise 
additional vacancies, while those who had done 
no recruiting now indicated a wish to do so. The 
net result was a deluge of vacancies in a wide 
range of di.sciplines. In February, March and 
April, a significant number of graduates found 
suitable starting position.s, either by individual 
referral from the Placement Centre or through 
suppiementary on-c ampus interviews. 

The Toronto Placement Centre has a full-time 
member of staff concerned with engineering stu- 
dents, and has encountered no difficulty in plac- 
ing undergi'ad nates, either upon graduation or 
during the summer. The general trend in 
demand for 1909 graduates in engineering and 
science c.ourses was down by about 3.5%. There 
was an increase in demand for graduates in 
mechanical and electrical engineering and for 
students with a diploma in computer science. The 
pulp and paper industry has fewer opportunities 
for new graduate.s in chemical engineering, while 
there continue.s to be a shortage of geological and 
metallurgical graduates. 

Salaries reflected the moderating demand. In 
those programs ^vith large numbers of graduates, 
only electrical engineers received more than a 2 
to 3% increase in starting rates while the average 
increase was 2p^%. Initial salaries for engineers 
entering the field of chartered accountancy were 
$50 to $75 lower than those for graduates accept- 
ing course-related employment. 



Appendix G 

An interesting phenomenon which .seemed to 
he more prevalent than ever befop' was the num- 
ber of engineering graduate.s who indicated that 
they did not intend to pursue tedinical careers. 
While most of them are prepared to .serve an 
apprenticeship in industry as junior engineers, 
their aim is to move into the ranks of manage- 
ment as quickly as po.ssihle, not only to reap the 
financial rewards of such positions hut al.so to 
e.scape from being “trapped” in an engineering 
job. 

With re.speci to placing postgraduate students, 
the departineviis are playing an increasingly 
important role as a coii.sequcnce of their inter- 
action with industry and government. The 
development of consulting teams, of broad inter- 
disciplinary programs of research and of a strong 
vein of entrepreneurial interest among faculty 
members is strengthening the prospects for this 
important service. 

Neverthelc.ss, the placement of Ph.D. graduate.s 
is expected to become increasingly difficult. 
Flexibility of outlook will be an important char- 
acteristic for the future doctoral candidate. 

A study on the destination of Ph.D.’s prepared 
by the Toronto School of Graduate Studies in 
December 1969 shows that 29 out of the 31 per- 
sons to be awarded an engineering Ph.D. in 1968- 
69 were placed at the time of reporting. 



Canadian industry 8 

Indii.stry abroad 4 

Ontario colleges and universities 9 

Other Canadian universities 3 

Universities abroad I 

Canadian government service 2 

Post-doctoral fellows in 
Canada and abroad 2 



29 

The holders of master’s and doctoral degrees 
appear to be facing increasing difficulty in finding 
suitable employment. More and more of these 
highly qualified people are being forced either to 
emigrate to the United States or to accept posi- 
tion.s that do not fully utilize their abilities and 
training. There is a slackening in demand for 
research-minded Ph.D.'s for both government 
and industry as well as for university teaching 
appointments. At a time of tightening govern- 
mental, industrial and educational budgets, 
opportunities for senior students are the ones 
most seriously affected. 

UNIVERSITY OF WATERLOO 
The question in regard to placement was not 
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answered directly in the Waterloo submission, 
but data were provided on the destination of engi- 
neering graduates for the years 1962 to 1968. 
There were 867 graduates at the bachelor’s level 
during this period, of whom 62.2% went with 
companies in the cooperative program, 10.4% to 
other companies, 80.8% on to graduate studies 
and 6.6% to other d< uinations. Less than 1% 
entered industrial employment in the United 
States. Of the 630 bachelor graduates proceeding 
to industry, 85.7% were employed by companies 
in the cooperative program, and 58% returned to 
their last employer. 

39 Ph.D.’s graduated between 1962 and 1968, 
of whom 21 took positions in a Canadian univer- 
sity, 4 with the federal government, and 3 in 
Canadian industry. Of the remaining 11, 2 
entered industry in the United States, 7 took 
employment in another country and the destina- 
tion of two is not known. 

UNIVERSITY OF WESTERN ONTARIO 

The University Placement Office reports the 
following students registered for job placement 
in the years 1967-68 and 1968-69: 



Table G-2 

Placement Registrations — Western 



Year 


Summer 


Bachelor's 


Master's 


Ph.D. 


1968 


65 


43 


7 


0 


1969 


100 


58 


29 


1 



Between 1968 and 1969 the total number of com- 
panies recruiting on campus for science and 
engineering students dropped from 109 to 101. 
However, there was no noticeable decrease in 
the availability of jobs for engineering students. 



UNIVERSITY OF WINDSOR 



The only relevant data available concerning 
the engineering graduates are the following: 



Year 



No. placed through 

No. of graduates Placement Office 



1697 33 21 

1968 46 27 

1969 58 34 



The balance of graduates either obtained em- 
ployment on their own initiative or went on to 
graduate work. A lack of statistics is due to the 
fact that reporting is voluntary both from the 
graduate and the hiring company. 

In the past three years all bachelor’s graduates 
have been placed, but now there appears to be 
some difficulty in finding suitable employment, 
and graduates at the master’s and Ph.D. levels 
have i crjerienced considerable difficulty in secur- 
ing jobs in industry. The bulk of the post-gradu- 
ates find employment either in government or in 
universities on post-doctoral research and teach- 
ing assignments. There is more of a market for 
doctoral graduates with several years in industry, 
but there is considerable difficulty in arranging 
this experience. 



APPENDIX H 



UNIT COSTS* 



METHOD 

Tlie object of this part of the study was to estab- 
lish tlie unit cost (annual cost per student) for 
each cngineerinjGt student in the system, for the 
year 1909-70. Throughout this study the term 
“cost'* has been used rather indiscriminately. In 
a corporate environment, the cost is what the pur- 
chaser pays, and it covers all outlays including 
profit. A more precise term in the university 
context would be “expenditure** — the amount 
from income spent l>y each university on engi- 
neering students. 1 he word “cost** is adequate as 
perceived internally by each university, but 
viewed externally, costs should be considered as 
expenditures. The study covers all ordinary oper- 
ating costs including engineering department and 
faculty budgets, and all university “overhead** 
accounts including library, administration and 
plant maintenance. 

The basis for distributing costs was staff-contact 
hours. Unit costs were developed as the product 
of two factors: cost per staff-contact horn and staff- 
contact hours per student. 

Definitions 

Throughout the study the following defini- 
tions were used as guidelines: 

Term —For programming purposes, a 

convenient division of the academic year, usually 
thirteen weeks in Ontario. 

CAass —One subject given under a 

single title for a single term (lecture and/or 
laboratory and/or tutorial). 

Section —The sub-division of a class 

for teaching convenience. 

Program —A compilation of classes 

and/or research and/or field work leading to a 
specific degree. 

Staff-contact Hour —The time spent by a teacher 
instructing a class. Thus, a class of 100 students 
receiving instruction for two hours per week 
generates 2 staff-contact hours and 200 student- 
hours per week. 

'A more detailed description of the cost study is given jn Ivor W. Thomp- 
son and Philip A. Lapp, A Method lor Developing Vnit Costs in Educa- 
tion Program.r, CPUO Report 70-3. 



Eugiuenifig Faculty 

Administrative Unit (referred to hereafter as 
Engineering) — A group of resources (faculty 
and staff, equipment and supplies) falling within 
an engineering faculty budget, under the admin- 
istrative control of a dean or director, often 
divided into departments or discipline groups. 

Sources of Data 

Data were extracted from the submission pro- 
vided by each university (Tables I, 2, 3 and 4, 
and responses to question 5) . Budgetary informa- 
tion was provided in separate submissions by the 
deans of engineering and the university business 
officers. 

Staff-Contact Hours per Student 

All service teaching performed outside Engi- 
neering for programs within the faculty or school 
were grouped into a single classification. All 
teaching services provided by Engineering but 
not related to enginering programs (i.e. service 
teaching to students from other programs or non- 
degree students) also were considered as a sepa- 
rate classification. Wherever possible, within 
Engineering, distinctions were maintained be- 
tween departments and years in a program. 

The staff-contact hours for the lecture, labora- 
tory and tutorial components of each class were 
computed by multiplying the annual staff-contact 
hours per section by the number of sections 
required for each component. Then they were 
prorated among students in each year of each 
program. If several departments taught different 
sections of the same class, the relevant staff-contact 
hours were assigned to each department. 

The result was a “staff<ontact hour matrix** for 
each university. Each vertical column corres- 
ponded to a department, and listed staff-contact 
hours for each program within Engineering, and 
all programs for students from other faculties. 
The horizontal rows contained, by year in pro- 
gram, the number of staff-contact hours provided 
by each department, or the group of outside facul- 
ties. Two matrices were prepared for each univer- 
sity: one for undergraduate engineering pro- 
grams and one for class instruction in graduate 
programs. No distinction was made between dif- 
ferent levels in the graduate sector. Therefore 
master^s and doctoral candidates were considered 
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under the single term "graduates’’. Graduate 
thesis supervision time was treated separately. 

Cos I i»i:r si am contact hotr 

The first step in deriving this factor was 
to divide each department or faculty budget 
between formal instruction, represented by staff- 
contact hours, and informal instruction, repre- 
sented by graduate supervision. Traditionally, 
such allocations had been made from surveys of 
the distril)ution of each faculty member’s time. 
This proved to be unsatisfactory, and so in lieu of 
such an appro.u h, a technique was adapted from 
the Committee of Vice-Chancellors and Prin- 
cipals in the United Kingdom. 

Under this modified scheme, an implicit rela- 
tionship was .issumed between the cost of one 
staff-contact hour and the supervision of one grad- 
uate student (excluding formal classroom instruc- 
tion) . For the purposes of thesis supervision and 
research, each graduate student was identified 
with a particular department.^ It was assumed 
that each graduate student required a fixed num- 
ber (K) of hours of annual supervision excluding 
formal instruction. Thus, the total teaching load 
of any one department could be expressed as the 
sum of its total annual staff<ontact hours, plus 
the product of the K factor and the number of 
graduate students supervised in that department. 
This sum is referred to as the number of "teach- 
ing equivalents’’. 

To find the value of K for Ontario engineering 
schools, a linear regression was established be- 
tween teaching equivalents and the teaching 
salary component of the budget for each of the 
thirty-seven departments involved in the study. 
These components were established by analyzing 
the response to question 5b^ on the approximate 
time distribution of faculty members. It was con- 
cluded that an average of 70% of a faculty mem- 
ber’s time is devoted to teaching and supervision, 
with the balance being spent on administrative 
duties (15%), consulting (10%) and profes- 
sional and public service (5% ) . Therefore. 70% 
of academic salaries was used in the K-value 
determination. 

The best linear regression for the thirty-seven 
points yielded a correlation coefficient of 0.98, 
and a final value of K equal to 150 staff hours per 
graduate student. (This corresponds to a weekly 
average of hours per student, for a 50-week 
year.) This value of K was used to divide 
each department’s total budget between formal 

’Undergraduate programs are not associated with one particular depart- 
ment, because of cross-departmental teaching. 

’See Appendix I. 
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instruction and graduate supervision in the same 
proportion as its (ontribiition to the total depart- 
mental teaching equivalent. The cost per staff- 
contact hour was set equal to the portion of the 
total departmental budget devoted lo formal 
iiisti IK tion (iiK lucliiig the department’s share of 
fac ulty office costs prorated among all depart- 
ments within Fiigineering) divided by the total 
staff-contact hours taught by the department to 
all students. 

Also, it was necessary to develop the cost per 
staff-contact hour for classes taught b> other 
faculties. This cost was assumed to be equal to 
the over-all cost per staff«contact hour for Engi- 
neering (the total instruction c ost of all depart- 
ments within Engineering, divided by the total 
number of staff-contact hours taught by these 
departments) multiplied by the quotient ob- 
tained by dividing the student/staff ratio 
for Engineering by this ratio for the whole 
university. 

The above procedure yields a tabulation of 
instruction cost per staff-contact hour tor each 
department within Engineering, and for outside 
faculties, in each of the universities. 

Cosrs iM'.R sruuKNT 

The two factors developed above must be 
combined to yield unit costs (excluding univer- 
sity overhead) . For luidergTaduate programs 
every element of the staff-contact hour matrix 
was multiplied by the appropriate departmental 
instruction cost per staff-contact hour. The unit 
costs were computed by adding the costs along 
each horizontal row, and dividing the result by 
the corresponding number of F.T.E. (full-time 
equivalent) students in each program and year. 

The same procedure was followed for graduate 
programs to generate the instruction portion of 
unit costs, to which must be added the graduate 
supervision costs — that portion of the total 
departmental budget devoted to graduate super- 
vision divided by the corresponding number of 
F.T.E. graduate students. This sum yields unit 
cost for each graduate program in each univer- 
sity (exc luding research grants) . 

A compilation of research grants for 1969-70 
(designated assisted research) was provided on a 
departmental basis. They were divided by the 
appropriate number of graduate students and 
added to the above cost per graduate student to 
yield a unit cost including assisted research. (For 
Engineering, this money is derived principally 
from the National Research Council.) 

Finally, it was necessary to apply university 
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overhead to arrive at total unit costs. The per- 
centages to be applied as overhead to the aca- 
demic and research cost figures developed above 
were derived from the UA-4 forms submitted by 
each university to the Department of University 
Affairs. 

SOURCES OF ERROR 

This method of computing unit costs involved 
certain assumptions whose validity is open to 
question. The most important assumption is the 
one used in prorating the departmental budget 
between instruction and graduate supervision: 
that each graduate student absorbs a fixed num- 
ber of staff hours for annual graduate super- 
vision. The validity of this assumption was 
tested by the dispersion of the final K-value 
regression for the thirty-seven departments in 
Ontario. The correlation coefficient was 0.98, 
and over 80% of the points fell within an 18% 
band about the regression line. Anomalies will 
occur in some departments because of the mix- 
ture of thesis and course-work master*s degree 
students, and variations in thesis supervision 
practice. 

A second assumption used in the K-value 
determination was the portion of academic 
salaries devoted to either instruction or graduate 
supervision, assumed to be 70%. The portion 
will vary among departments, and this figure was 
chosen on the basis of the submissions without a 
detailed time distribution study of university 
staff in all the universities. 

These two assumptions result in a calculated 
percentage split of the departmental budget 
between instruction and graduate supervision, 
which was compared with the estimated value 
provided by some universities. In general, the 
calculated percentage devoted to graduate super- 
vision was slightly higher than university esti- 
mates, the average difference being 8% . 

A third assumption was the use of student/ 
staff ratios to compute the contact hour costs 
for departments outside Engineering. There 
would appear to be few alternatives until a 
similar cost study is conducted for all other 
faculties. On the one hand, student/staff ratios 
are often used for cost comparisons and were 
readily available, but on the other hand they 
reflect relative costs only when policies in regard 
to teaching are the same throughout the entire 
university. 

A fourth assumption was the uniform division 
of a.ssisted research money among all graduate 
students within a department. There are specific 
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instances w4iere its validity may be questioned, 
but no reasonable alternative was apparent from 
available data. 

The final assumption was tlie method used to 
distribute university overlie.id. This wms added 
to costs derived from departmental budget data 
to arrive at final unit costs. It included costs of 
library, student services, scholarships, bursaries, 
administration, plant maintenance, general ex- 
penditures and net deficit on ancillary enter- 
prises, all expressed as a percentage of the unit 
cost derived from academic costs and research 
grants. Furthermore, other errors of omission 
could have affected this final calculation, since 
some of the overhead items in the UA-4 forms 
often are credited to the departmental budget. 
Some universities did provide data on these addi- 
tional costs, and tlie.se were removed from the 
departmental budget. 

The above assumptions create possible errors 
in the costs per contact hour. Also errors will 
enter into compilation of the staff-contact hours 
per student, because the tabulations from 
Tables 1 and 2 of the submissions could con- 
tain errors and omit complete classes. If cla.sses 
given by staff in Engineering w^re omitted, 
then only the distribution of costs among pro- 
grams would be altered, and not the total costs 
for each university. For example, undergraduate 
thesis contact hours were not reported by all 
universities. Therefore it was decided to omit 
these hours from the undergraduate contact 
hour matrix, so that undergraduate thesis costs 
were distributed evenly over all teaching equi- 
valents in Engineering, and hence relative 
fourth-year costs may have been slightly reduced. 

Classes given by .staff outside Engineering and 
omitted from the tabulation could not be 
included in the total, and therefore were lost. 
In some cases, the cla.s.ses taught to graduate 
students by staff from other faculties were 
omitted, so that tlie.se final unit cost figures are 
low. 

POLICY VARIABLES 

A principal purpose of the cost study was to 
identify specific quantities that could be mea- 
sured and then used to advantage in establishing 
administrative practices and policies. These 
quantities, or policy variable.s, can be derived 
from the unit cost computation as described 
above. 

There are eight policy variables, and each can 
be controlled within a limited range. These 
variables combine in a direct way to yield unit 
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cost, so that it is theoretically possible to blend 
them in an optimum fashion, consistent with 
fixed standards of quality, so as to minimize unit 
cost. 



departmental instruction 
cost per jstudent 



In the development of total unit costs, the 
contribution of each department to the total 
instruction cost of any program can be expressed 
as the product of nvo factors; 

staff-contact hours 
devoted to the program 
by the department 
number of students in 
the program 



departmental instruction 
= cost per staff-contact hour x 



The cost per student for any year of a program 
is the sum of all such costs incurred by each 
department that is teaching classes in the pro- 
gram. The first factor on the right-hand side of 
the above expression is a departmental cost, and 
can be averaged for all departments ^vithin the 
faculty by ^veighting the cost of each in accor- 
dance ^vith its total staff-contact hour teaching 
load to yield an Engineering faculty cost. The 
other factor is a program variable, and can be 
added for all departments ^vithin the faculty and 
all programs in any year to yield a total for all 
such classes taught within Engineering. The 
product of these t^vo factors is the Engineering 
portion of unit cost for all classes in a given year. 
For classes taught in any year of a program by 



other faculties, their instruction costs are multi- 
plied by the appropriate staff-contact hours per 
student, and the unit costs so derived must be 
added to those computed for Engineering. 

Instruction cost per staff-contact hour 

The departmental instruction cost per staff- 
contact hour is equal to the portion of the 
departmental budget devoU^d to formal instruc- 
tion divided by the total number of instructional 
contact hours taught by the department. The 
formal instruction portion was obtained from 
the K-factor analysis, ^vhere it ^vas assumed that 
the departmental budget ^vas divided benveen 
formal instruction and graduate supervision. 



total departmental 
teaching equivalents 

total departmental 
staff -contact hours 
total departmental 
teaching equivalents 

number of graduate students 
^ assigned to the department 
total departmental 
teaching equivalents 



number of graduate students 
+ K X assigned to the department 

departmental 

instruction 

factor 



graduate student 
factor 



total departmental 
contact hours 



Note that: 

departmental graduate student 

instruction -f factor = I.O 

factor 

Then: 

departmental instruction 
cost per staff -con tact 
hour 

departmental budget departmental 

^ per F.T.E. staff member x instruction 

total departmental staff -con tact factor 

hours p>er F.T.E. staff member 



departmental 

departmental budget x instruction factor 
total departmental staff-contact hours 
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Three f>olicy variables now emerge: 

I. Departmental budget per F.T.E. staff mem- 
ber — departmental salary load. (This ter- 
minology is used because the major pro- 
portion of departmental budgets is salary.) 
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2. Total departmental contact hours per 
F.T.E. staff member = departmental 
instruction work load. 

3. The departmental instruction factor. 

These variables can be averaged for all depart- 
ments within the faculty to yield: 



faculty instruction 
cost per staff-contact hour = 



faculty salary load 
faculty instruction 
work load 



faculty 

X instruction 
factor 



where: faculty salary load == faculty budget per F.T.E. staff member 



faculty instruction work load = total faculty staff-contact hours 

per F.T.E. staff member 



faculty 

instruction 

factor 



total faculty 
staff-contact hours 
total faculty 
teaching equivalents 



Staff-contact hours per student 

Two additional p>olicy variables now are 
introduced: 

4. Faculty student load = yearly hours de- 
voted by students in any program to classes 
taught within the faculty. 

5. Faculty average class size — measured as the 
ratio of the number of students in any sec- 
tion to the number of staff teaching the 



section, but averaged over all classes given 
within the faculty. For example, in a lec- 
ture section of 100 students, the class size 
w^ould be 100; whereas in a laboratory sec- 
tion of 100 students with ten instructors, 
the average class size would be ten. (The 
average class size can be regarded as the 
average student/staff ratio in all classes 
taught in the faculty for any year of a 
program.) 

For faculty classes in any program: 



average yearly class number of 

faculty average class size = hours per student X students 

faculty staff-contact hours 



so that faculty 

staff-contact hours 
per student 



faculty 
student load 
faculty average 
class size 



. This expression applies only to classes taught 
within the faculty, but an identical equation can 
be derived for classes taught by other faculties 
where the student load and average class size 
then would apply to the latter classes. 



Cost per student 

Within the faculty, the unit cost of a program 
is: 



faculty cost faculty instruction faculty 

per student = cost per staff-contact hour x staff-contact 

hours per student 
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Since the unit costs of other faculties were a mul- 
tiple of these costs for Engineering ( using rela- 
tive student/staff ratios), when the staff-contact 



hours per student for all faculties are added to- 
gether, the total cost per student is roughly pro- 
portional^ to this expression. Thus 



average cost per student OC 



faculty salary 
load 



faculty 

X instruction x student load 
factor 



faculty instruction x average class 
work load size 



where: 

student load = yearly hours devoted by stu- 
dents to classes taught by all 
faculties averaged over all en- 
gineering programs in any 
one year. 

average class size = the ratio of the number of 
students in any section to 
the number of staff teach- 
ing the section, for classes 
taught by all faculties aver- 
aged over all engineering 
programs in any one year. 

The expression employs five policy variables, and 
can be used as a management tool to control the 
costs of undergraduate programs. The definitions 
for student load and average class size can be 
restricted to specific programs, or expanded to 
cover all years in all programs. Also, salary load, 
instruction work load and the instruction factor 
ran be examined at the departmental level. 

For graduate programs, three components of 
unit cost were computed: instruction, graduate 
supervision and assisted research. The factors 
affecting instruction costs are similar to those for 
undergraduate programs, except that it is not pos- 
sible to define a student load since both master’s 
and doctoral programs were combined, and 
course work for these programs normally is not 
structured. Instruction contact hours per student 
vary directly with the number of instruction 
hours taken by each student, and inversely with 
the class size. Whereas class size can be measured 
readily, it would take an immense amount of 
effort to establish the instructional hours taken 
by each student, because it would be necessary 
to identify the classes taken by each graduate 
student. For this reason, no attempt was made to 
analyze graduate student instruction costs. Fur- 
thermore, the instruction costs for graduate stu- 
dents were only a small proportion of their total 
costs (5.5% average in Ontario) . 

Graduate supervision costs vary directly with 
the graduate student factor defined above, and 
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on the average, represent 55% of total graduate 
student costs in Ontario. The balance consists of 
assisted research and university overhead. 

In all programs, the final result was obtained 
by adding university overhead costs, expressed 
as a percentage of costs derived from faculty and 
departmental operating budgets, and assisted 
research. This is called the “university overhead 
factor”, and constitutes another policy variable. 

Table H-1 is a summary of the policy vari- 
ables affecting unit costs for both undergraduate 
and graduate students. The total unit cost for 
undergraduates, where programs were aggre- 
gated by year in each university, varies over a 
range of 17:1. Only the average class size has a 
variation in this same range; all of the other 
policy variables span a range of lesser magni- 
tude. For this reason, a regression was attempted 
in order to relate undergraduate total unit co.st 
and average class size. This is shown in Figure 
H-1, where, as expected, the least-squares fit is 
a hyperbola. The correlation coefficient of the 
linear transform was 0.89, and a total of thirty- 
nine points were used, corresponding to each 
undergraduate year taught during 1969-70 in 
the eleven universities. A niukipl^ regression to 
relate all of the policy variables to total unit 
cost was not attempted. 

The second rnost significant policy variable 
was the faculty instruction factor, which varied 
over a range of 4: 1. This factor defines the rela- 
tive emphasis placed on instruction as opposed 
to graduate supervision, and becomes most 
important when comparing the relative costs of 
graduate and undergraduate studies in any 
university. 

Next were the faculty .salary load and faculty 
instruction work load variables, each spanning 
a range of about 3:1. Both of these variables 
depend on the number of F.T.E. staff within 
Engineering, and errors could have been intro- 
duced in the way they were reported by each 
university and counted for the purposes of this 
study. Fortunately, this counting does not affect 

n*he exact relationship is developed in CPUO Report 70-3. 



unit cost calculations, since the niiinl)er of 
F.T.E. staff cancel in the division of these two 
factors. The remaining polity varial)lcs, univer- 
sity overhead factor and student load, swing 
over a range of about 2:1, and so were the least 
influential. 

It should be noted that student load and 
instruction work load arc not entirely indepen- 
dent. For example, if the academic year was 
extended by an extra week, both policy variables 
would increase in equal proportion. On the 
other hand, .should extra classes be added to the 
student load, then the instruction work load 
may or may not iri(:rea.se; the extra staff load 
(onid be accommodated either by adding more 
staff or by increasing the work load of the exi.st- 
ing staff. 

The dominant impact on graduate student 
co.sts. excluding assisted research, was the gradu- 
ate student factor. This resulted from the K- 
factor analysis which concluded that each gradu- 
ate student irscd 1.^)0 staff hours per year— an aver- 
age for all the engineering schools in Ontario. 
Where there is a relatively large number of 
course-work master's students, compared to thesis 
master's and doctoral students, unit costs would 
be disproportionately high. The reverse may 
be true where graduate thesis students pre- 
dominate. 

Assisted research accounts for about 40% of 
the total unit costs for graduate students and 
includes income from many sources. This addi- 
tional cost would apply only to thesis students. 
It is an external policy variable, principally 
under the control of the National Research 
Council, which provides the major source of 
funds in respon.se to proposals for research 
grants from the universities. 

Policy variables can be used as a tool to con- 
trol unit costs. Such control may be exerci.sed at 
any or all of the three levels — university, faculty 
and department. 

(1) Salary load — Since the major portion of a 
departmental budget is salaries, this quan- 
tity reflects the mixture of senior and junior 
staff in the department. Generally, it in- 
creases with the age of the school as more 
staff achieve the rank of associate or full 
profes.sor. However, within limits, a degree 
of control can be applied that is consistent 
with good instruction. For example, the use 
of part-time teaching staff from the profes- 
sion should influence the factor in a down- 
ward direction. 

(2) Instruction work load — It is recognized 
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that there is only limited control of this 
variable be<au.sc of tradition and normal 
university prjicticcs. The use of junior and 
part-time teaching staff, again as consistent 
with good instruction, tends to increase this 
varial)lc, and thus to lower unit costs. 

(■^) Inslnu lion farfor — This factor, with its 
(oniplcincnt. the graduate student factor, 
establishes the relative emphasis between 
undergraduate and graduate studies. A low 
instriu tion fa( tor shifts the expenditure to 
tlie graduate school, and requires a value 
judgment to make such a split. The instruc- 
tion fa( tor decreases as the number of grad- 
uate students iiurca.scs, and the result is 
that fewer hours can l)e devoted to instruc- 
tion for a fixed total staff work load. This 
( reates a need to reduce the number of .sec - 
tions, and .so the final re.siilt is larger class 
sizes irsually in the first and possibly the 
second year. Again, the policy variables 
reveal .some interdependency. 

(4) Student load — This quantity exhibits the 
least amount of variation. Each engineering 
program would tend to involve students in 
comparable class instruction times, because 
of traditions and accreditation require- 
ments. .Some of the variation may be 
atcounted for by differences in the number 
of weeks in the academic year among the 
universities. Any adjustment of this variable 
must result from a value judgment related 
to the number of hours a student should 
spend in ( lass as oppo.sed to other activiti(\s. 

(5) Average, class size — This is the most impor- 
tant polity variable and is influemed l)y 
two major factors: .sectioning polity in the 
first and second years, and t:la.ss prolifera- 
tion in the third and fourth years, result- 
ing from program expansion and the 
increasing nunil)er of elective clas.ses. In 
both instances, a value judgment is nece.s- 
sary to establish rea.sonal)le upper and lower 
limits. The use of the average class size 
concept provides a quantitative basis for 
a.sse.ssing the impact of basic sectioning and 
elective policies on unit costs. 

(6) University overhead /tir/or— It was assumed 
that this factor is l^eyond the direct control 
of the engineering staff. 

(7) Gradtinie studejit factor — This is the com- 
plement of the instruction factor, and has 
been covered under (3) above. 

(8) Assisted research load — In general, assisted 
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research m*ikes f^raduate programs possible. 
Therefore, this factor is of crucial impor- 
tance not for its effect on unit costs, but for 
its influence on engineering graduate studies. 
This matter is dealt with in some depth in 
Chapters 4 and 5 of this report. 

The above policy variables give some insight 
imo the influence of policies and practices on 
ur:it costs. What they do not give is an indica- 
tion of quality. It is always possible to minimize 
unit costs, and the art of good management is to 
do so without adversely affecting quality. Thus, 
the elasticity of quality with each of these policy 
variables becomes a value judgment for each 
university. 

COST AND SIZE 

Table H-2 is a summary of average total unit 
costs by discipline and year, weighted by the 
appropriate number of students. For this reason, 
these averages represent true costs as opposed to 
the averages in Table H-1, wheie each univer- 
sity was given equal weight for the purpose of 
developing the policy variables. 

In general, in any program unit, costs in- 
creased with the year, principally because of the 
decrease in average class size in the later years, 
as illustrated in Table H-3. This reduction in 
class size is caused by decreasing enrolments due 
to attrition and the proliferation of optional 
classes in many programs, particularly in the 



third and fourth 


year. 






Table H-.3 




Undergraduate 


Average Class Size 


Number of 


Year 


(Ontario) 


Students in Sample 


1 


r)4.r) 


2,621 


2 


34.3 


2,450 


3 


21.3 


1,709 


4 


19.9 


1,446 


All 


32.0 


8,226 



One important product of the cost study was 



the effect of engineering school size on unit costs. 
Figure H-2 is a cost-size comparison, and shows 
how the unit cost varied with the number of 
students in undergraduate programs (eleven 
universities) It is difficult to draw firm conclu- 
sions with such a small number of points, but 
a trend appears to emerge: the curve exhibits a 
minimum band between 600 and 1,300 under- 
graduate students. Below this band, classes are 
small because they are student-limited. Within 
the band, classes reacl; a critical size, where sec- 
tioning becomes necessary. Beyond the band, 
sectioning policy is the main determinant, and 
as the school becomes very large, there appears 
to be a tendency to section into smaller classes. 
In the larger schools, more elective classes are 
offered in the third and fourth year and this 
tends to keep average class size down even 
though total student numbers arc relatively 
large. 

From Table H-2, it is possible to estimate very 
roughly the expenditure required for an engi- 
neering degree. A crude attrition model is 
assumed as follows: 75% second-year survival 
from first year, 85% third-year survival from 
second year, 90% fourth-year survival from 
third year and 95% degree survival from fourth 
year. A conditional probability calculation was 
carried out using this model for the class of 
1970. In round numbers, the expenditure to pro- 
duce a graduate engineer in 1970 was about 
$8,000. provided the structure developed in the 
cost study did not alter appreciably over the 
previous three years. 

If attrition and discount are neglected for 
graduate students, the additional expenditure 
for a master’s degree achieved in one year after 
the bachelor’s degree was $8,190 (a total of 
about $16,000). For a Ph.D. achieved in four 
years after the bachelor’s degree, there was an 
additional expenditure of $33,000 (a total of 
$41,000) , excluding assisted research, or an addi- 
tional expenditure of $54,000 (a total of 
$62,000) , including assisted research. 



/ 
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Figure H-1 - AVERAGE CLASS SIZE -COST REGRESSION 
ONTARIO ENGINEERING UNDERGRADUATE CLASSES 1969-70 




CORRELATION COEFFICIENT 

OF THE UNEAR TRANSFORM, r = ait 





LEAST SQUARES FTT: 

total cost per student = U,7 + 



4l,7qi 

AVERAGE CtASS SOI 



ISS 



Figura H-2 - COST - SIZE COMPARISON 
ONTARIO ENQINEERINQ SCHOOLS 1969-70 
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Table H-I 



Apl>eu(lix H 



Poi.icv Variahi.ks - I 'nivkrm I V AvKRAr.KS 
I%9-70 



Policy Variable 


AfTec!^ 
Unit Co4(» 


Units 


F.milly 
S.il.iiy I .o.kI 


Dirct tly 


S per 

r r.K. M;i(T 


F.'k nlly 
IiisiriK (ion 
Work I.o,id 


Inversely 


(loiitfK t I loins 
pel r. r.K, st.iff 


r;i( II I (y 
III^(ru( tioii 
r;i( lor 


Diret lly 


% 


Siiidrni I, (Kid 


I)irc( tiv 


Student Ilnurs 
per ^’l•;lr 


A\ CT.lftC 
('lass Si/c 


Inversely 


No. of .Students 
per Instructor 
in Class 


riiivcisily 
Oua hrad Fac lor 


Dirct tly 


% 


Total Tnit 
Cosi Tiidcr- 
Rradiialc 




S per 
Student 


Graduate* 
Siiidrnt 
Fat tor 


Hired ly 


7c 


Total Unit 
(iradiiate 
F.\t hiding 
A.ssistt‘d 
Rfseart h 


Instnu lion 
Graduate 
Super- 
vision 
Total 


S per 
St 1 1 lent 


A^«‘ited 

Rr*searth 


Directly 


$ per 
Student 


Total Unit 
Cost — 
Graduate 
Intliidiii)^ 
Assisted 
Reseavth 




$ per 
Student 



Averaged 

Over 


Year 


Ontario 

Average 


Maximum 


Minimum 


Maximum 

^linimum 


II 


.Ml 


25,H'15 




15,000 


2.0 


riiiveisilics 


II 


.Ml 


201. ;)f) 


405.80 


I. 57.7 1 


1.1 


Universities 


S7' 


.Ml 


10 


a!) 


15 


1.0 


Departments 


II l'niv.2 


I 


71-1 


810 


017 


1.1 


10 I'niv. 


II 


052 


710 


514 


1.4 


0 I'niv. 


III 


071 


700 


.581 


I .1 


0 Ibiiv. 


IV 


001 


801 


574 


1.4 


1 1 I'niv. 


.Ml 


080 


810 


514 


I.O 


1 1 Ibiiv. 


I 


51 


1 10.4 


25.0 


4.5 


1 1 Ibiiv. 


II 


12.8 


01.8 


7.5 


8.5 


!) I'niv. 


III 


21.1 


10.5 


12.0 


2.8 


9 I'niv. 


IV 


lO.O 


11.8 


10 


1.2 


II I'niv. 


.Ml 


12.1 


1 10.4 


7.5 


15.5 


II I'niv. 


All 


10 


18 


21 


1.8 


II Cniv. 


I 


1,110 


1 ,000 


300 


5.4 


10 I'niv. 


II 


1 .070 


0,080 


700 


8.7 


!) I'niv. 


III 


2,140 


1,Ki0 


1,170 


2.0 


!) I biiv. 


IV 


2,4.50 


4,020 


1 .080 


1.7 


11 I'niv. 


All 


1,820 


0,080 


100 


1 0.0 


.17 


All 


70 


70 


02 


1.1 


Departments 


17 


All 


1 ,000 


2,410 


00 


20.8 


Depnitinents 


All 


0,400 


14.800 


1,800 


3.8 




All 


10,5.50 


17,000 


4,170 


3.0 


15 


All 


0,150 


20.420 


1 .000 


12.8 


Departments 


35 


All 


10.000 


35,200 


8.100 


4.4 


Departments 



departmentu Itad praduata ttudenu in 1969-70. 

•Of 1 1 urivcrkiiiek one offered years I and II only* andone offered /ear I only. 



Table H-2 

Unit Costs by Discipi.ine, Year and Number ok Students 
1060-70 



Program 


Year 


No, of F.T,E, 
StiiHcnts 


Ontario 

Average 


Maximum 


Minimum 


Maximum 

Minimum 


Chemical 


I 


444 


$ 020 


$ 1,740 


5 360 


4.8 


Engineering 


II 


383 


1,200 


5,400 


550 


10.0 




III 


228 


2.800 


4,660 


000 


4.7 




IV 


237 


2,100 


8,840 


1,230 


7.2 




All 


1,202 


1,550 


8,840 


360 


24.6 


Graduate — excluding 
assisted research 


All 


320 


0,190 


14,730 


5,760 


2.6 


— including assisted 


All 




15,740 


20,800 


11,440 


1.8 


research 


Civil 


I 


49a 


1,000 


1,740 


360 


4.8 


Engineering 


II 


505 


L500 


5,980 


080 


6.1 




III 


330 


1,450 


2,780 


750 


.3.7 




IV 


243 


2,040 


6,310 


840 


7.5 




All 


1,582 


1,440 


6,310 


360 


17.5 


Graduate — excluding 


assisted research 


All 


376 


8,850 


14,350 


6,680 


2.1 


-- including 


assisted research 


All 




14,110 


f:3,120 


0,820 


2.4 


Electrical 


I 


540 


1,060 


1,430 


360 


4.0 


Engineering 


II 


5fi0 


1,010 


1,500 


700 


2.1 




III 


302 


1,380 


4,020 


1,200 


3.4 




IV 


317 


1,660 


4,150 


800 


4.7 




All 


1,800 


1,220 


4,150 


360 


11.5 


Graduate — excluding 


assisted research 

— including 


All 


413 


8,150 


13,700 


4,370 


3.1 


assisted research 


All 




12,180 


10,510 


8,800 


2.2 


Mechanical 


I 


520 


1,050 


1,430 


360 


4.0 


Engineering 


II 


540 


1,250 


1,700 


530 


3.2 




III 


366 


2,010 


3,320 


040 


3.5 




IV 


322 


1,800 


6,020 


1,000 


6.0 




All 


1,766 


1,450 


6,020 


360 


16.7 


Graduate — excluding 


assi sted research 

— including 


All 


m 


9,410 


15,270 


6,400 


2.4 


assisted research 


All 




14,100 


15,780 


0,010 


1.6 


Metallurgical and 


I 


61 


030 


1,430 


360 


4.0 


Materials 


11 


61 


1,520 


2,560 


880 


2.9 


Engineering 


111 


33 


3,040 


6,120 


210 


29.1 




IV 


38 


6,850 


14,460 


4,470 


3.2 




All 


193 


2,800 


14,460 


210 


68.9 


Graduate — excluding 


assisted research 

~ including 


All 


100 


10,450 


17,000 


7,100 


2.4 


assisted research 


All 




21,780 


35,200 


15,180 


2.3 


All Engineering 


I 


2,621 


1,030 


1,060 


360 


5.4 


Programs 


11 


2,450 


1,270 


18,760 


530 


35.4 


III 


1,700 


1,850 


6,120 


210 


29.1 




IV 


1,446 


2,040 


14,460 


840 


17.2 




All 


8,226 


1,450 


18,760 


210 


80.3 


Graduate — excluding 


assisted research 

— including 


All 


2,089 


8,190 


17,000 


4,370 


3.9 


assisted research 


All 


10,315 


13,460 


35,290 


8,100 


4.4 



O 
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APPENDIX I 

QUESTIONNAIRE SENT TO ONTARIO 
FACIII.TIES OF ENGINEERING 

PART A - FACTUAL DATA 



1. (GENERAL 

Please state as concisely as possible your major 
goals and objectives in engineering education at 
your university. 

In addition, it would be helpful to include 
your response to the CUA request of October 
I9()S ( ailing for goals and recpiirements to 1975 
whidi was sent to all Ontario universities. 

2. CURRICU1AJMDATA 

For the purpose of this question, the follow- 
ing definitions are arbitrarily stated: 

Class — a subject given under a single title tor 
a single term. (Lectures and/or laboratory 
and tutorial) . Classes may be divided into 
Seciioits for teaching convenience. 

Course or Undergraduate Program — a com- 
pilation of classes leading to the bachelor's 
degree. 

Graduate Program — a body of work, includ- 
ing classes leading to a postgraduate degree. 
Option — a prescribed group of classes within 
an undergraduate program. 

a) Undergraduate 

i) Classes available and class sizes: this ques- 
tion is intended to confirm data available from 
the Calendar, together with quantitative data 
needed for size considerations. Figure 1 is a 
generalized layout for undergraduate courses. 
PIea.se create such a diagram tor your faculty, 
showing years and appropriate blocks corres- 
ponding to the required and elective classes tor 
each undergraduate year. Each block should be 
numbered or coded tor use in filling out Table 
I. 

ii) Table 1 is intended to be a comprehensive 
listing of undergraduate classes in which engi- 
neering .students are enrolled in your university. 
It will reveal data on class sizes, teaching loacl, 
cross-faculty loading and enrolment trends. It 
is designed in such a way that it should be uni- 
versal, and the data should be in a form that is 
immediately useful to this study. 

Explanatory notes are appended to the Table, 
and an example is presented for a rather com- 
plex case to bring out most of the detail in a 
form that is expected. 

/ 

/ -■ 



iii) PIea.se list tlm.se engineering undergradu- 
ate elective classes offered in your Calendar for 
which there is zero enrolment for the 1969-70 
academic year. 

iv) Undergraduate Curriculum Committee 

a) Please describe the organizatioal struc- 
ture of this (ominittee, its membership, and its 
terms of reference. 

b) What are the proces.ses \vhereby changes 
are ultimately introduced into your curriculum? 

c) What resources does this committee have 
at its disposal? 

d) Have you developed a ‘'product descrip- 
tion” or specification for your curriculum? If so, 
please include in your response. 

e) Have you developed formal criteria for 
evaluating proposed curriculum changes? If so, 
please include in your response. 

f) Please describe recent activities of this 
committee and any planned future changes or de- 
velopments in your undergraduate curriculum. 

v) What influences have there been on your 
curriculum of any recent changes in altitude of 
other departments providing only service to 
engineering students? 

vi) How has the local community influenced 
your engineering curriculum? 

vii) Have the CAATS had any influence in 
your recent curriculum planning? If .so, please 
state. 

viii) Are you contemplating or currently 
involved with any inter-university class or course 
activity? If so, please state. 

ix) Do you offer part-time studies, leading 
to a bachelor's degree? If so, please state details 
and number of such students in the 1969-70 
academic year. 

b) Graduate 

i) Please list graduate programs and degree 
offerings in engineering, including OCGS apprai- 
sal status. Include any new graduate programs 
being planned, or in development, that would be 
subject to appraisal. 

ii) Please construct Table 2, Graduate Classes 
1969-70, using the same format as Table 1 but 
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omitting Column I. Include in this table all 
classes given by staff of the Engineering Faculty 
administrative unit, and those classes taken by 
students enrolled for a giaduate degree in engi- 
neering outside of the Engineering Faculty admi- 
nistrative unit. 

For graduate theses, list degrees separately (i.e. 
M.A.Sc., M.Eng., Ph.D., etc.) and use the Tuto- 
rial heading in Columns (7) , (8) and (9) . It is 
recognized that the contact and staff hours, in 
Coliiiims (8) and (9) respectively will be esti- 
mated averages only; an indication of the spread 
in these columns should be included under Re- 
marks, Coluinn (II). 

iii) Please list those graduate elective classes 
given by the staff of the Engineering Faculty 
administrative unit, offered in your Calendar 
for which there is zero enrolment for the 1969-70 
academic year. 

iv) In addition to the faculty loading related 
to formal classes and theses shown in Table 2, 
most graduate students consume further informal 
contact time of the engineering faculty. Please 
estimate this additional time iivtermsof hours per 
academic year (1969-70) per graduate student for 
each engineering graduate degree offered. 

v) Please describe any inter- and intra-faculty 
and inter-university graduate programs in exis- 
tence or planned, whether subject to OCGS 
appraisal or not. 

vi) Please state the residency requirements 
in each of your engineering graduate programs. 
Include in your response any off-campus or 
cooperative programs. 

vii) Please describe the formal and informal 
relationships that exist between the Faculty 



of Engineering and the Faculty of Graduate 
Studies. Where and how do they intersect ad- 
ministratively, and how is the control of specific 
classes and programs effected? In graduate pro- 
grams, how do Department Heads relate to: 

a) The Dean of Engineering? 

b) The Dean of Graduate Studies? 

vii) Do you offer an engineering Master’s 
degree program whicli dqes not require a thesis 
or design project? If so, ’.vhat percentage of 
students elect such a progiain in recent years? 
Are these primarily part-time students? 

3. ENROLMENT DATA 

a) Please list undergraduate and graduate enrol- 
ment figures by program on an academic 
year-by-ycar basis, for the past ten years. 
For each year the enrolment figures should 
apply at the December 1st date. Please use 
the format of Table 3. List special and inter- 
disciplinary degrees separately in the first 
column, where practical. 

b) Please display your enrolment projections 
both undergraduate and graduate, in the 
form normally presented, and describe the 
method used. How accurate have these pro- 
jections been in the past? Could you indicate 
this accuracy by comparing your past pro- 
jections with the data in Table 3? What will 
be the influence of the CAATs? 

c) With respect to your enrolment for the 1969- 
70 academic year specify the number of 
additional students you could accommodate 
in each undergraduate year and all graduate 
years zvithout adding either more staff, space 
or equipment. 



Table 1 

Undergraduate Cla.sses 1969-70 



Block 






Given by 




Number 

Given to of students 

Students from each 


Total 

annual con- 
tact hours 


Total annual 
staff hours 


Trends in total 
No. of stuuents 




Codes 


Class 


Class 


Staff of 


No. of 


of the Department 


per student 


per section 


in recent years 




(R or E) 


No. 


Title 


the Dept, of 


Sections 


Dept, of Lect. Lab. Tut. 


Lect. Lab. Tut. 


Lect. Lab. Tut. 


Rising Stable Deer. 


Remarks 


(1) 


(2) 


(3) 


(4) 




(<•’) (7) 


(8) 


(^)) 


(10) 


(H) 


3-R 

7-E 


lOI 


Org. 

Chem. 


Chem. 

Eng. 


2 


Chem. 38 38 3 
Eng. 15 15 
Chem. 3 3 

Physics 10 10 
Mater. 


30 00 ()0 


O 

o 

o 


# 


Physics Students 
entering this 
class first time 
this year as an 
elective. 



Eng. 



Notes on example: Organic Chemistry lOI is required in Chemical Engineering, but is an elective in Materials Engineering shown as Blocks 3 and 7 (for 
example) ,n your diagram. Students from the Departments of Chemistry and Physics are also enrolled in this course which is given 
in two sections. The Physics students are also given a tutorial. On the assumption that the class is given for 30 weeks, each student 
receives one hour lecture and three hours laboratory, with Physics students receiving an extra two hours tutorial per week. There is 
one lecturer and one member of staff giving the tutorial, but four staff members supervise the laboratory. 
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UNIVERSITY ENTRANCE 



BACHELOR GRADUATION 



TIME (YEARS) 
> 



E 

R 



E 

R 



E 

R 



E 

R 



E 

R 



ENGINEERING COMMON 



ELECTIVE COURSES 



I 

I 

I 

I 

E- ELECTIVE CUSSES 
R- REQUIRED CUSSES 



ELECTIVE OPTIONS 



Figure 1-1 - UNDERGRADUATE COURSE LAYOUT FOR 
ENGINEERING STUDENTS 



o 

ERLC 



NOTES ON TABLE 1 

(1) In your undergraduate curriculum dia- 
gram (Fig. 1) you have designated a (lode 
for each Wock. Please enter the applicable 
Bloc k Codes for each class, and indicate 
whether or not it is a required or elective 
class (R or E) . 

(2) Enter die Class Number you normally use 
in your Calendar. 

(!^) Enter the Class Title you normally use in 
your Calend-'^r. 

(4) Indiide all Departments within the Engi- 
neering Faculty administrative unit to- 
gether with classes of other Departments 
outside of the Engineering Faculty admin- 
istrative unit in which engineering students 
are enrolled tor the 1969-70 academic 
year. Classes should also be included that 
are given by memb*ers of the Engineering 
Faculty administrative unit where enrol- 
ment is entirely composed of non-engi- 
ncering students. 

(5) Number of Sections is the number of sub- 
divisions of the class irrespective of the 
Department of origin of the students. 

(6) This column covers the Department 
wherein the students are normally regis- 
tered. For students not registered in a 
specific Department (such as first year 
students in most universities) state which 
faculty only. 

(7) The number of students from each Depart- 
ment (or Faculty) should be shown oppo- 
site the relevant unit in column (6) , 
under lecture, laboratory or tutorial — 
whichever the case may be. 

(8) This can be obtained by multiplying the 
number of hours per week tor each stu- 
dent by the total number of weeks that 
the (lass is given tor the academic year 
1969-70. 

(9) This can be obtained by multiplying the 
total annual contact hours per student 
(Column (8) ) by the number ot staff 
utilized per section trom the Department 
indicate(l in Column (4). 

(10) These columns are intended to give an 

& indication ot enrolment trends and any 

(11) unusual features related to 1969-70 enrol- 
ments in each class. Also in Column (11) , 
state any unusual expense items that may 
be associated with this class — if they are 
significant. In multiple-section classes, also 



indicate when any section contains less 
than 10 students in Column (11) together 
with any other remarks related to section- 
iiig policy. 



Table 3 

Engineering Enrolments 




d) What are your admission requirements, 
quota and other regulatory mechanisms for 
entrance into engineering trom: 

i) Secondary schools (by province and 
country) , 

ii) CAATsand CEGEPs, 

iii) Other universities (undergraduate and 
graduate studies) ? 

e) Please describe your guidance counselling 
activities with ‘the high schools, CAATs and 
CEGEPs. How do these activities relate to 
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guidance procedures of other faculties, and 
how arc they funded? 

f) How many new CAAT and CEGEP gradu- 
ates arc enrolled this year (1969-70)? 

4. RESEARCH AND SPECIAL GRADUATE 
PROGRAMS 

a) Describe the operation of any disciplinary or 
interdisciplinary research institutes in which 
inenibers of the Engineering Faculty parti- 
cipate. Please indicate history, size and 
resources. Also include any such institutes 
now in the planning stage. 

b) Describe any research or special graduate 
study programs with: 

i) Other universities, 

ii) Government departments (both federal 
and provincial) , 

iii) Industry, 

c) What is the influence of the local community 
on research programs? More specifically, de- 
fine the kinds of interaction between your 
faculty and industry ( government) in 
terms of: 

i) Exchange of .staff. 

ii) Provision of consulting services, 

iii) Entrepreneurial involvement, 

iv) Other. 

d) Define the areas of research in each depart- 
ment (and interdepartmental) that represent 
your major foci of effort. For each focus give 
the following data: 

i) The number and names of professorial 

staff actively woiking together in the 
focal area (no staff member should be 
assigned to more than one focal area) . 

ii) The F.T.E. number of graduate stu- 
dents. post-doctoral fellows and techni- 
cians associated with the focal area in 

1969-70. 

iii) The number of graduate degrees by cate- 
gory (master’s, doctorates, etc.) granted 
in the focal area in 1967-68 and in 1968- 
69. 

iv) The number of refereed publications by 
the group for the focal area in 1967- 
68 and 1969-70. Give typical recent 
examples. 

v) The total research support in dollars per 
annum for the focal area (exclusive of 
university sources) for 1967-68, 1968-69 
and 1969-70. 

vi) The number of patent applications for 
each focal area in 1967-68, 1968-69 and 
1969-70. 

vii) The intensity of involvement of the staff 



Appendix / 

group with industry and government in 
the focal area (reference (< ) above) . To 
calibrate this, assume each staff member 
has available one-half day a week out of 
five days to engage in outside activities. 
What fraction of this time resource of 
the group is so committed? 

e) Define the extent of the research activity of 
your faculty which rests on the activity of 
individuals not included above. 

f) To what extent are engineering research pro- 
grams in your faculty part of larger regional 
or national projects? 

5. TEAvJHING AND RESEARCH STAFF 
DATA 

a) Please complete Table 4 for all members of 
staff included in the Engineering Faculty 
administrative unit. 

b) Please provide the results of any surveys con- 
ducted on the time distribution of faculty 
members. 

c) What amount of time do you feel is appro- 
priate for the time of staff involved in service 
outside of university business under the 
headings: 

i) Professional? 

ii) Community? 

What amount of time is currently committed 
by your staff in these areas? 

d) What are your policies concerning the 
consulting activities of staff and faculty 
consulting groups? Describe your enforce- 
ment techniques. 

e) What are your sabbatical policies? 

f) Please list details about staff who also hold 
outside positions of responsibility in indus- 
try and government. 

g) For the past ten years, list for each year the 
following ratios for the Engineering Faculty 
administrative unit: (show both numerator, 
denominator and ratio in your response) . 

i) Total undergraduate teaching staff/total 
number of bachelor’s degrees awarded. 

ii) Total undergraduate teaching staff/ total 
undergraduate enrolment as of Decem- 
ber I. 

iii) Total graduate teaching staff/total num- 
ber of master’s degrees awarded. 

iv) Total graduate teaching staff/total num- 

ber of doctoral degrees awarded. 

I4I 
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Number of Years Last Degree 

At Name Year 

Name of Field of Profess. Present of Year of 

Dept. Staff Member F.T.E. Title Specialization Practice Teaching P.D.F. Univ. Degree Obtained Univ. Birth 

(0 (2) (3) (4) (5) (6) (7) (8) (9) (1.0) (II) (12) (13) 

Table 4 

Teaching and Research Staff Data 1969-70 

Notes on Table 4 

(1) The department to which staff member is attac hed at your university 1969-7 

(2) Surname, first name and initial of staff member. 

(3) Full-time equivalent of staff member — use your own definition for this (e.g. for half-time mem- 
ber, enter 0.50: for full-time member, enter 1. 00) . 

(4) Title refers to Dean, Vice Dean, Professor, Assoc. Profe.ssor, Asst. Professor, Adjunct Profe.ssor, 
Visiting Professor, Lecturer, Sessional Lecturer, Instructor, or other (please specify) . 

(5) Field of Specialization refers to specialty within his branch of engineering (e.g. “control sys- 
tems**— within Elect. Eng.) . 

(6) Number of Years of Professional Practice (industry or other) , not including academic or teaching 
experience. 

(7) Number of Years of Academic Teaching, not including graduate study years unless these include 
time as an instructor or lecturer where he was responsible for one or more classes. 

(8) Number of Years as a post-doctoral fellow — where applicable. 

(9) Number of Years on staff of present university (irrespective of rank or title) . 

(10) Name of highest degree obtained. 

(I I) The year in which this degree was obtained. 

(12) The university at which this degree was obtained — if outside of Canada, include country. 

(13) , (14) are self-explanatory. 

(15) Where applicable, the year that the staff member obtained his landed immigrant status in Canada. 

(16) State whether or not the staff member is a P.Eng. (yes or no) . 





Year 

Obtained 




Landed 


Birth- 


Immigrant 


place 


Status P. Eng. 


(14) 


(ir>) (If,) 



^ 0 . 



h) What arc your patent policies with respect to 
inventions of university staff and students? 

i) What are your policies in respect to the use of 
university laboratories by staff for consulting 
purposes? 

6. STUDENTS DATA 

a) Please complete Table 5 for the five years shown, 
or for as many years as records arc available. 
(The last row in this Table is intended to give 
an indication of the number of students whose 
parents or guardians are taxpayers in Ontario) . 

b) For the 1969-70 academic year students who are 
landed immigrants, as shown in Table 5, how 
many became landed immigrants first regis- 
tration with the university. Show this as the 
number of such students in each undergraduate 
year, and all years for graduate students. 

c) Please provide any recent reports or statistics on 
student placement services for engineers in your 
university. Include any remarks you would care 
to make concerning the placement of graduate 
students, particularly Ph.D.*s. 



d) What techniques do you apply to trace the career 
histories of your graduates? Please be specific, 
and include any s}imn}ary reports in your 
response. 

e) How do you guide students selecting their elec- 
tive courses, options and classes? What form of 
career counselling do you provide? 

f) Describe the student engineering societies on 
your campus; provide a list of such societies and 
their major activities. 

g) Please indicate the percentage of your full-time 
engineering graduate students who receive sup- 
port during the 1969-70 academic year as follows: 



Federal government 


% 


Provincial government 




(direct) : 


% 


University: 


% 


Other agency: 


% 


No support: 


% 



100 . 0 % 
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Table 5 

Students Data 
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I96S-66 

VJndergrad 

1 2 3 4 Tot. 

Male 

Sex 

Female 

Canadian 

Citizenship IJ.S. 

Commonwealth 

Other 

Landed Iinm [grants 
Ont. 

Secondary Que. 

School B.C. 

Education Prairies 

Maritimes 

US. 

Commonwealth 

Other 

Number Eligible for 
Ontario Student Loan 




7. CONTINUING EDUCATION 

a) Do you offer classes in continuing engineering 
education; if so, what are your basic policies, 
goals and objectives? Are these classes offered 
through the Extension Department; if so, 
what are the formal and informal relation- 
ships between that Department and the Fac- 
ulty of Engineering? 

b) Please list your class, course and pro- 
gram offerings (including certificates and 
diplomas) . 

c) Enrolment statistics: Provide these in a form 
most convenient for your university, for the 
current year only but indicate any trends that 
are significant. 

d) How do you allocate resources to continuing 
engineering education? Give an indication of 
costs and sources of funds, and the percentage 
of these costs covered by the normal faculty 
operating budget. 

e) How do you cooperate with industry, govern- 
ment and the professional societies in continu- 
ing engineering education? 

f) What methods of programming do you use 
(early morning, evening, weekends, etc.) ? 

g) What methods of class presentation do you 



use (CCTV, CATV, talk-back TV, audio- 
visual, etc.) 

8. FACILITIES AND COSTS 

a) Provide a brief description of major re.search 
facilities used by engineering students and 
staff (“Major facilities” is ir^teiided to mean 
those facilities which you consider major — 
no specific dollar value is intended) . 

b) What facilities do you currently share with 
other universities? 

c) Please provide equipment replacement costs 
(Inventory as of January 1, 1970) under the 
following headings; 

i) Teaching, 

ii) Research, 

iii) Both teaching and research. 

(Note: A separate cost study is being conducted, 
.so that further cost data <ire not being collected 
here.) 

PART B- OPINION 

The following questions are an open list calling 
for expressions of opinion in certain key areas of 
the Engineering Study. They are intended only as 
a guide to manoeuvre the briefs from each Uni- 
versity towards common problems. They are 
based primarily on the original CODE document, 
dated November 1, 1968. 
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Please indicate whose opinion is being 

presented. 

1. a) What is your definition of engineering? 

b) What responsibility should the engineer- 
ing schools assume for continuing educa- 
tion? 

c) Do you have any facts or opinions on the 
job<reating ability of engineers in the 
economy? How can this be measured 
quantitatively? 

d) In your opinion, is there a meaningful way 
to predict manapower demands for engi- 
neers? How would you go about it? How 
many years ahead is practical? 

e) How should proper allowance be made for 
business, applied arts and humanities in 
engineering curricula? Indicate your opin- 
ion as to their relative degree of impor- 
tance in respect to engineering, science 
and technical subjects. 

f) Is the entrepreneur a product of an educa- 
tional experience, or are other factors of 
greater significance? 

g) What role should women play in the 
profession? 

h) What is your feeling about the relative 
importance and relevance of course-work 
“professional** master *s and doctoral 
programs vs. research-oriented graduate 
work? 

i) What is your reaction to the heavy empha- 
sis now growing in the U.S. on computer- 
aided design? Should this be stressed more 
in Canadian schools — what are the pros 
and cons? 

j) Aside from the effects on enrolment, 
CAAT graduates will likely alter the 
future role of the engineer. Would you 
estimate how these relative roles will 
rationalize, and the impact this may have 
on future engineering curricula? 

k) It has been suggested that the output of a 
university is tar more sensitive to the 
input than to the curriculum. It this is so, 
then screening techniques on entrants to 
university becomes a strong measure of 
output quality, and possibly more im- 
portant than curriculum considerations. 
Would you comment on this statement? 

2. ENGINEERING IN THE 
UNIVERSITY 

a) Should engineering schools be part of a 
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university, or are there good reasons to 
establish separate polytechnical institutes? 

b) Should engineering be altered to be closer 
to a liberal education in undergraduate 
years? 

c) Should engineering subjects be offered to 
liberal arts students? 

d) In your opinion, is there a meaningful 
way to predict manpower demands for 
engineers? How would you go about it? 
How many years ahead is practical? 

e) Is there a case for using seasoned engineers 
as laboratory assistants and demonstrators 
instead of graduate students — so that stu- 
dents have a greater opportunity to “brush 
with the real world’*? 

3. DEVELOPMENT OF ENGINEERING 
EDUCATION SYSTEM IN ONTARIO 

a) Do you believe the present APEO accredi- 
tation system is meaningful? 

b) Could you suggest possible alternative 
means of accreditation which would en- 
sure adequacy from a professional view- 
point, and yet provide sufficient scope for 
individuality, diversity and local com- 
munity needs? 

c) What are your views on the coopera- 
tive system and its applicability to your 
university? 

d) Are there too many engineering schools 
in Ontario? 

e) What is the probable trend of engineering 
enrolments and will the population of 
Ontario schools remain fairly level? 

f) In your opinion what is the minimum size 
for an engineering school to be viable? 
What are your criteria for setting this 
minimum size? 

g) Do you believe it is practical to collabo- 
rate and rationalize engineering education 
among the universities in Ontario? 

h) How do you feel about sharing facilities, 
staff and other resources with other uni- 
versities — is this really practical? 

i) Is there merit in collaborating with the 
CAATs in joint university /college pro- 
grams (e.g. air pollution studies now 
being developed by Western and Fan- 
shawe) ? 




j) Do yon believe that the classical subdivi* 
sions of engineering are now relevant? 
What alternatives would you propose? 

k) Do you believe there is a case for a com- 
mon undergraduate curriculum leading to 
a general bachelor’s degree in Engineer- 
ing, with specialization during the gradu- 
ate years? (As per ASEE Engineering 
Goals Report — current recommenda- 
tions.) 

l) What influence do you expect from the 
growth of the CAATs on your enrolments 
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and student flow patterns? Ruminate on 
your answer to question 3 (b) in Part A. 

m) Are we close to 5-year programs, particu- 
larly if grade 1 3 is phased out? 

n) If you wore given the position of design- 
ing a (ompletely new Ontario engineer- 
ing school, with the only constraint that 
you accept students at the present grade 13 
graduation level, what would you do? 

o) What do you regard as your most vexing 
problem? 
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STUDY VISITS 

Throiiftiioiit the course of this study, visits — 
1!52 in all — were made to a wide variety of organ- 
izations in Canada, the United States and abroad. 
We arc indebted to many people whocontributed 
time and provided hospitality in the course of our 
travels. For many of these institutions (for ex- 
ample, the Ontario universitie.s), several visits 
and discu.ssions were neees.sary. The following is 
a list of institutions that were visited, or whose 
personnel were interviewed in connection with 
the study. 

Universities 

Ontario — Brock University 

Caricton University 
University of Guelph 
Uakehead University 
Laurentian University 
McMastcr University 
University of Ottawa 
Queen’s University at Kingston 
1 1 n i versi ty of T oron to 
Trent University 
University of Waterloo 
( hiiversity of Western Ontario 
University of Windsor 
York University 

Royal Military College of Can<ida 

Other Provinc es University of British 
Columbia 

University of Alberta 
University of Sa.skatchewan 
University of Manitoba 
Ecolc Polytechnique 
University of New Brun.swick 
Nova Scotia Technical 
College 

Memorial University of 
Newfoundland 

United States —Dartmouth College 

Massachusetts Institute of 
Technology 
University of Buffalo 
Stanford University 
University of California at 
Berkeley 

University of California at 
Irvine 

Uni versi ty of Ca I i forn ia a t 
Los Angeles 
Harvey ^fudd College 

Othc *' Canadian Educational Institntions 

Ryersou Polytcchnical Institute 
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Seneca College of Applied Arts and 
Technology 

Mohawk College of Applied Arts and 
Technology 

Thornica .Secondary School, Thornhill 

University Orfranizations 
Committee of Ontario Deans of Engineering 
Ontario Council on (iraduate Studies 
Numerous other committees of the Committee 
of Presidents of Universities of Ontario 
Institute for Quantitative Analysis in Social 
and Economic Planning 
Ontario Institute for Studies in Education 
Association of Universities and Colleges of 
Canada 

Committee of Presidents of the Colleges of 
Applied Arts and Technology 

Government 

Federal — Office of the Privy Council 
vScience Secretariat 
Science Council 

Senate Committee on Science Policy 
Economic Council of Canada 
Dominion Bureau of Statistics 
National Research Council 
Defence Research Board (including 
establishments in Ottawa and 
Valcartier 

Department of Communications 
Department of Manpower and 
Immigration 

Department of Energy, Mines and 
Re.sources 

Department of External Affairs 
Department of Industry, Trade and 
Commerce 

Department of Transport 
Department of Regional 
Development 
Canadian International 
Development Agency 

Provincial — Department of University Affairs 
Committee on University Affairs 
Commission on Post-Secondary 
Education 

Department of Education— Colleges 
of Applied Arts and Technology 
and Curriculum Section 
Department of Trade and 
Development 

Industry-- H. G. Acres Limited. 

Canadian General Electric Company 
Ltd. 
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Canadian National Railways 
Du Pont of Canada limited. 

The Foundation Company of Canada 
Limited. 

Garrett ^^anufa(*turing Limited. 
General Nfotors of Canada Ltd. 

The Hydro-Elec trie Power 
Commission of Ontario. 

Imperial Oil Limited. 

International Niekel Company of 
Canada, Limited. 

Kates, Peat. Marwicks Co. 
MacMillan Bloedel Limited. 
Noranda Mines Limited. Research 
Centre. 

Northern FJec trie Company Ltd. 
RCA Limited. 

Sim lair Radio Laboratories Ltd. 

Spar Aerospace Products Ltd. 

Steel Company of Canada Limited. 
Systems Research (iroup. 

Canadian Cliemic al Producers 
.\sso( iation. 

Canadian Pulp and Paper 
.Association. 

Electronic Industries Association of 
Canada. 

Lakehead Industrial Advisory 
Committee. 

Laiirentian Industrial Advisory 
Committee. 

Professional Associations 

Canada — .Association of Professional 

Engineers of Ontario (including 
chapters in Thunder Bay and 
Sudbury) . 

Canadian Aeronautic sand Space 
Institute. 

Canadian Council of Professional 
Engineers. 

Canaclian Institute of Mining and 
Metallurgy. 

Canadian Organization for Joint 
Research. 

Canadian Sen iety of Electrical 
Engineers. 

Canadian Sck iety of Mecivmical 
Engineers. 

Chemical Institute of Canada. 
Engineering Institute of Canada. 
Ontario Association of Certified 
Engineering Technicians and 
Technologists. 

Ontario Engineering Advisory 
Committee. 

United States— American Society for 

Engineering Educ ation 
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Engineering Council for 
Professional Development 
Engineers joint Council — 
Engineering Manpower 
Commission 
National Academy of 
Engineering 

Other Orgauizationsand Individuals 
Technical Service Council 
Iranian Ministry of Education 
U.S. Department of Commerce — Science and 
Technology 

Sir Eric Ashby -Cambridge University 
Dr. Allen Rosenstein- University of 
California at Los Angeles 

ENGINEERING EDUCATION IN EUROPE 

The director of the study group visited Ger- 
many, France, Sweden and Great l^ritain in order 
to gain some perspective on the pattern of engi- 
neering education overseas, and on whether or 
not experience in Europe might be related to 
Ontario. The structures in European techno- 
logical education are changing rapidly, and con- 
sequently the situation in these countries will 
soon be different from what ^vas observed during 
this tour in March 1970. 

There is a complex web of pathways between 
theiv various schools and programs and the.se have 
mo.stly been omitted. Each system has its own 
historic roots, and e<ich institution has its own 
flavour. We have attempted to compare techno- 
logical and engineering educational systems in 
these countries with that of Ontario (Fig. 
j-1). The diagram has been greatly simplified 
and illu.strates only the main routes to a degree 
or diploma. The top bar represents the main 
stream leading either to a diploma in technology 
or its equivalent; the bottom bar is the normal 
direct route to a degree in engineering. The 
various alternative paths or cvo.s.s-flows between 
the teclmological and engineering streams are 
not shown. 

FEDERAI . REPUBl dC OF C.ERMANY 

Educ ation in West Germany is the responsibil- 
ity of the provinces (Lender) of which there are 
eleven (including the city-states of Berlin, Bre- 
men and Hamburg) . A new Ministry of Educa- 
tion and Science has been given the power to 
e.stablish national educ ational and research guide- 
lines, even though each Land still operates inde- 
pendently. This development should mean new 
patterns lor (K*rman education, but it is loo early 
to speculate on these changes. 
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All educational paths in West (k*rmaiiy start 
with four years at the Volksschule, < oiiiiiieneiiig 
at the age of six. Students entering an Ingenieur- 
sdmie (I.S.) usually attend Kealsdiule for six 
years, and then devote two years to practical train- 
ing in an industrial firm (Fiaktikuin) . Nornially» 
admission to a course ot study at a Tedinisthe 
Mo( hs(hule fl Ml.) follows after nine years at 
(pynniasiuni, and a further half year of training 
in industry ((frundpraktikuin) . 

I’he program at the IngenieurM hule is of three 
years’ duration leading to the title Ingenieur 
((piadMng,). Instnu tion has a practic al slant, in 
order to fit students for professional work direc lly 
assoc iated with operations and c onstruc tion. M'he 
M'ec hnisc he lloc hs< hule is the university of the 
tec hnic al sc iences. The c nrric nimn is 8-9 terms 
in IcMigth and leads to the Diplom-Ingcnieur 
(I)ipl.Ing.). However, in practice, it takes most 
students 10-12 lerins, owing to numerous exer- 
cises and the extent of laboratory work. Advanc ed 
study involves special courses of lec tures follow- 
ing the DipIMng. plus a thesis wi ic h leads to the 
academic degree of I)oklor-Ing( uienr. 

I'hc following estahlisinnents were visited: 
Verein Deuls< her Ingenieiirc (VDI) — the Asso- 
c iation of (perinan Engineers and host for the 
visit to (permany; 

Staatlic he Ingenieursdinle fiir Masc hinenwesen 
in Krefeld; 

Staatliche Ingenieursdinle fiir Maschinenwesen 
in Diisseldorf; 

August Thyssen-Hulle A.Cp. in Duishurg-Ham- 
l)orn and their training sc hoot for I.S. and T.H. 
students in Diisseldorf; 

I'ec hnist he IlcH hst hide i i Aac hen. 

M’he West (pcrmans have developed a very c lose 
relationship between industiy and their Uchni( al 
educ ation system. Eac h I..S. has heen estalilished 
to serve a spec ihe loc al industry, and HO of them 
are located principally in industrial centres 
spread throughout the eleven provinces and city- 
states. ’These sdicKilsare dedic ated to the training 
of engineers for operations, as op|>osed to research 
and developineiu. I'heir c ui i ic uimn lays stress on 
tec hnologic al subjec ts, with a .strong empliasis cm 
basic mathematic s and sc ienc e. .Approximately 
two hours a week is devoted to humanities and 
scx ial sc iences (8%), hut l>oth the students and 
industry have been pressing for more concentra- 
tion in these areas. M'rainitig courses in industry 
are heavily strnc tured, stressing artisan skills and 
opc*rations prcKedures. At Thyssen, certain pro- 
duc tion and fac tory c oiii|>onents are channelled 
through the train iiig sc hool. 

M'here are nine T ITs and two universities 
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(Kegenshurg and ncHhuni) olfering progiaius 
leading to the Dipl.Ing. Since these piogranis 
stress rescan h and dcvelopmcMit, there is a hcMvy 
emphasis on mathematics and science and veiy 
little humanities or soc iai sc ienc e c ontcait in the 
c urric uluin. Eac h major engineering disc ipline 
is centred on a senior jiroiessor, olten in the 
form of an institute. Studeiit/stalf ratios are high 
(typically :i(M0:l), and professors must have had 
inclustiial experience before their academic 
appointment. Al Aac hen. with a faculty oi ap- 
proximately !I00. there are Mia c hairs in engineer- 
ing, while students inmiher II.OOO of which 
770are dcH toral c andidates. Thus, there arc more 
engineering students at Aac hen than in all o| 
Ontario’s engineering schools. Contacts with 
industi y arc very c lose, being fac ilitaleci by regu- 
lar symposia c cmcluc ted through the industrial 
and professional assex iations, and by theap|xunt- 
inent to honorary pi ifessorships of engineers in 
industry who devote one or two days a week to 
teac hing. Some dex toral theses are c onduc ted in 
industry. In a typic al institute, the .semre c of fund- 
ing is divided equally among the Ministry of Edu- 
c ation (Lander) , the federal mini.stries in Uonn. 
the research as.scKiation Deutsche Forschimgs- 
gemeinsc haft and industry. 

The A.sscKiation ot (ierman Engineers (VDI) 
was founded in 1 8.^)0 and sine e that time has Ucvn 
a potent force in engineering affairs. Present 
membership is r)0,000, and it admits not only 
graduates from the I.S.’s and the MMI.’s, hut also 
affords membership to those who have gainc*d 
engineering .status by meeting c ertain ex|x*rieiic e 
aiul academic qualifications. M'cxiay there are 
.S.SO.OOO engineers in West (ierinany. c cm.sisting of 
approximately (piad.Ing.'s and Dipl. 

Ing.’s. Rec ent flows into the engineering |h)o| are 
of similar proportions: 20,000 (uad.Ing.’s and 
7.000 Dipl.Ing.’s annually. 

M’he VDI is atteinptiiig to develop ecjual sta- 
tus between the (bad.Ing. and the Dipl.Ing., even 
though the two spend different lengtlis of time in 
sc hool. M'he VDI c laims their func tion in the ec o- 
noniy is a better basis for comparison, and that 
many (bacIMng.’s hold senior |>ositions. In the 
worcls of Dr. \ . W. I .elmiann of the (perman Asso- 
c iation of MVe hnologjc al Sex ieties (Deutsc he! 
VerbancI M'ec lmisch-Wissensc haftl idler Vereine) 
’’the Dipl.Ing. ensures that the wheels of tomor- 
row turn, whereas the (MadMng. ensures that the 
wheels of today turn.” I'his has been a matter of 
some c one ern in the Euro|XMn Common Market 
(E('.M^ where there is an attempt to permit engi- 
neers qualified in one country to prac tise in an- 
other. In February 1970, the FCM stipulated that 
this freedom of movement and prac tic e for uni- 
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vci?bjiy j^radu.'Mfs (i.c, the I'.l l.'.s) be cxtnidnl to 
(•ra(l.Ill^.'s and similar iMv^^niivs in (lie other 
niemhei i omitrie^. 

It \% lia/ardons to dr.iw (ompatiMMi?! between 
the c^raduatex ol two ediK atiuiial sy^teiii^ but, in 
a jjeiieral way. the (>rad.liiK. lalK between a di- 
ploma (erliiiolo^isl and a ba< lalameale engineer 
III Ontario, while a Dipl.Ing. is ronglily (Oinpar* 
able to an Ontario engineer with a master's de- 
giee. TIum. the I.S.‘s are the ecpiivalent of onr 
CAA I s and the Tdl.’s of onr degree-granting 
engineering Mhoob. 

A lecent development in (>erinany is the pro- 
posal to integrate the present I.S.’s into one 
university loinprising all possible disciplines 
((»cs«nn(lioehs( Inilen). in order to give ihein 
iiniveisity eharacter. In the words of Dr. F. 
Meyei. (iliairnian of the V1)I. "the creation of a 
unified piolessional grade — whether that of a 
Diploni Ingenieur or that of a dilferently named 
one -- is jnstilied, without regard to the natnic 
and duration of the ediieational route followed." 
For both types of engineers .the VDI is advenat- 
ing a three-year (oinnion core program in fnnda- 
nientals conp>*d with prai tical eX|)erienc c and 
tec hniral training, to be followed by recpiired and 
elec tive studies in spec ific disc iplines based on the 
students' aptitudes and abilities. Whether or not 
sue h nro|K)sals are acceptable, the barriers whic h 
base been c realed Iiy the nature and duration of 
c*chica(ion are being slowly dismantled as new 
criteria are developc^d for professional recogni- 
tion in (he Fc*deral Republic of (h*rmany. the 
most indnstriali/ed nation in Europe. 

FRANCK 

In France, the le ^Minsibility for public educa- 
tion lic*s with (he .Ministry of National Education, 
although a number of other ministries, such as 
agric iilture, industry, and defence, exerc ise edu- 
cational jMiwer and fane turns. .Students preneed* 
ing to higher ediieation take their baccalaurc^at 
examination after attending a lyc ^e (c l.assicpie or 
mcKlerne). 'Fhi.s illows them to enter two years 
of preparation c lasses (c lasses prc?paratoires aux 
grancles c?c oles) during whic h disc ipline is severe 
and competition keen for entranc e into a grande 
^cole. 

The grandes Proles are the engineering sc hcx)l$ 
of France. Some of (hem date luc k to the eigh- 
leentli century and were founded by groups of 
s|H’c ific industric*s whic h fell the need for trained 
engineers. One of the earliest w;is the Eeoles des 
.Mines foimclc*cl in 178.S. New sc bools were c reated 
as industry progiessed, and engineering educa- 
tion i 1 Franc e always has been c losely coupled to 
indns ry even though tcxlay they are under a 
Ministry of National Ediic ation. 



Fhc’ progr.im at a grande c'cole is of three years’ 
clnration and leads to a I)iplcnned'Ing<!‘nienr (the 
sc hool is always clesignateci after this title) . They 
are olten relerred to as two-plus-lhree sc hools — 
two years' preparation (in a lyc t*e) . and three 
years at the* sc hool. 1 he c elebrated Ec ede Foly- 
i'*c hnicpie, establishrcl during the Frenc h re\cdu- 
tion to hn iii the main c acireol engineers, is a two- 
phis-two sc hool. It is an c'litist .sc hool from whic h 
most giacliiatc*s enter the Frenc h c ivil servic e. 
.Some move on to a gr ande c*c ole to become engi- 
neers. entering at the second year. Master’s degree 
slucleiits in sc ienc e also may enter at the .second 
year. .Attrition rates at the grandes c*coles arc very 
low bee ause of the demanding entranc c recjiiire- 
ments. Acivanc eel studies toward a dex torate can 
be pursued either at a university or at certain 
grande sc'coles. 

.\t the present lime, there are I .'1*1 grandes 
c*coks in France, with a total intake of approxi- 
mately 8. .^>00 a year, and the number is growing 
at the rate of .'1 to 4% eac h year. Ciracluate engi- 
neers prac tising in Franc e number 130,000. and 
an .'idditional 00,000 hold engineering jobs by 
accpiiring professional status through what the 
FrcMic’h c all "sex iai promotion” — they are exam- 
ined and granted a Diplome par I’Etat (D.P.E.) . 
Ministry oliic ials c laim that nearly 10% of all 
sc ienc e bacc alaurc^ats enter engineering. Where- 
as ten years ago tliere was a shortage of engineers, 
today a snflic ient number are being turned out to 
satisfy demand ~ as measured liy starting .salary 
inc reases and aclverii.semen»^. I’here are said to 
be fewer than .^lOO unemployed engineers in 
France, and tliis is consistent with the number 
who would be changing jobs at any particular 
time. 

Technologists are designated by the title Di- 
plome Tec hnic ieii .Sup^rienr, awarded after a 
two-year program at a lyc^c technique following 
the bac c alaiirc^Mt, or a four-year program at a lyc <?e 
teclmic|tie. In the Institutes University de 

Tec Imologie (I.U.T.) were created to train more 
tec linologists and to .serve the tertiary sector with 
spec iaiists. Physically Icxated in the universities, 
tliey also provide part-time .studies leading to 
a Dipirnnc d’F.tudes Sup^rieure Technique 
(I).E.S.T.) to serve those .seeking social promo- 
tion. The I.U.T.’s graduate .5,000 engineering 
tec Imologists annually to supplement the 12,000 
coming from the lyc^es techniques. The ministry 
c laims ilie annual requirement for engineering 
tec Imologists is 40,000 (i.e. 4 technologists pei 
engineer flowing into the labour fore e) . 

Tile following esiablislimeius were visited: 
Organ i/at ion for Economic: Cooperation and 

lievelopnienl: 
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La Federation des Ar.sociations et Soci^t^s Fran- 
^:aisesdlng^niciirs Diplomas; 

Ecolc Cciitrale des Arts et Manufacture, Cliate- 
nay .Jalabry; 

Ministry ol National Education; 

Ecole Nationale Superieure Industries Agricoles 
et Alimentaircs, Massy- Palaiseau, Lc Noyez 
Lambert; 

Ecole des Mine5— Fontainebleau. 

In the grande ccoles, the usual curriculum is 
organized in the following manner: 
r>0% sc'ienceand technology, 

15% laboratory, 

20% humanities and economics, 

15% industrial experience (stage). 

Industrial experience varies from school to 
school, but in most of them it is gained during 
the months of Febru.iry and March. Over a three- 
year period, most students receive five months of 
industrial training: the first year as an ordinary 
worker, the :>econd as a supervisor and the third 
as an engineering assistant. Each school requires 
a short thesis ^viiich must be related to a specific 
industrial problem, in the words of the director 
of one school, “the basic theme in the curriculum 
is a mixture of practice and theory so as to mobil- 
ize their knowledge, and use what they have 
learned.” 

The student/stiff ratio of a typical grande 
ecole is low — 0:1. The staff consists of full-time 
civil service professors, assistants and demonstra- 
tors, and part-time industrial professors. A typical 
teaching load amounts to 120 hours a year. Many 
civil service professors increase their income by 
indicstrial consulting. 

Most schools have a Conseil de Perfectionment 
made up of members from industry, the univer- 
sity staff and the appropriate ministries. This 
group usually meets annually to review curricula 
and other educational matters, and to ensure that 
teaching programs arc related to the needs of the 
indu.stries served l>y the school. 

Three types of doctorate degiees are awarded. 
The Doctorat dTtat is a prerequisite to teaching 
in a French university. Many years of preparation 
and the contril)ution of two significant theses are 
requir.^d for this degree. The Doctorat d’lng^ 
nicur usually requires a minimum of two years 
after the diploma and a thesis. A third degree 
known as the doctorate of the third cycle involves 
a shorter dissertation and can be earned in one 
year ahtcr the diploma. 

In 19fi(), France passed an act taxing industries 
in proportion to their employment of highly qua- 
lified manpower in order to help cover the costs 
associated with continuing and adult education, 
refresher courses and re-training. Each company 
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so taxed is granted relief on the basis of its own 
contributions to the.se areas. Again, w’hile it is 
dangerous to draw comparisons, the Diploma 
Technicien Sup^riciir'^vould appear to be equiv- 
alent to a diploma technologist in Ontario, with 
the I.U.T. being an institution similar to a 
CAAT. There arc \vide variations in the Diplome 
d’Ingenicur from school to school, but it would be 
roughly equivalent to an M.Eng. degree in 
Ontario. 

The democratization of higher education in 
France has resulted in over 000,000 students 
attending university. Of the 139 grandes Ccoles, 
48 have been established since the end of World 
War II. The growth of professional faculties has 
been very rapid and now they appear to be in 
trouble since theie are insufficient jobs for their 
graduates. There is concern that France is over- 
producing engineers with its present annual flow 
of 8,500 into the labour force — estimated to be 
tw'ice w'hat is necessary to maintain the present 
pool of 130,000 graduate engineers at a constmt 
size. On the other hand, the flow of technologists 
is thought to be only about one-half what it 
should be to meet current needs, and in some sec- 
tors of industry initial salaries for technologists 
arc higher than for engineers — the average start- 
ing salary for an engineer is 1,700 francs a month, 
while a technologist to begin with will receive 
from 1,300 to 2,000 francs. This apparent imbal- 
ance in the production of engineers and technol- 
ogists probal)ly will require adjustment, and it is 
expected that changes in the present pattern will 
o( ciir in the near future. 

.SWEDEN 

Sweden is a country of 8,000,000 people— only 
slightly larger in population than Ontario. Stand- 
ards of living are comparable, and so it should 
!)e of interest to compare respective education 
and manpo^ver statistics. In this connection, it 
must be borne in mind that Ontario imports 
engineers to meet its needs, while Sweden has 
been more or less self-sufficient. 

The Swedish educational system is state-con- 
trolled, with compulsory education in the grimd- 
skola extending for nine years up to *ige Ifi. The 
upper-level secondary school (gymnasium) gives 
each student access to higher education. It is 
divided into five streams: liberal arts, social sci- 
ences, economics, natural sciences and technol- 
ogy. Each stream takes three years except 
technology, which has an extra year and leads to 
a technology degiee. Students preparing for engi- 
neering by way of the natural science and tech- 
nology streams must take advanced courses in 
mathematics, physics and chemistry. Each student 




must develop a working knowledge of at least 
three foreign languages, with English being com- 
pulsory. .\t the secondary level, 50% of a stu- 
dent’s time will he spent in Inimanities Mid social 
science subjects. ( I here are no so-called liberal 
learning subjects in the Swedish engineering 
schools.) 

Post-secondary education c onsists of traditional 
university-level institutions: five iiniversitics, two 
institutes of techuology, two independent sc hools 
of comnierce and one independent sc:hool of 
medic ine and dentistry. With the exception of the 
sc hool of c oinnierce, all arc financed by the gov- 
ernment. The central authority is the OfTic:c of 
Chancellor )f the Swedish Universities. It is 
responsible to the Ministry of Education for the 
over-all planning and development of the nation’s 
university ,ystem, as well .'is the educational con- 
tent of the clifferent courses of study so as to guar- 
antee that universities provide education of an 
equal standard. In I9(i9-70 approximately 120,- 
000 students were attending these institutions. 

riiere arc four engineering schools in Sweden 
that offer both imdergraduate and graduate 
programs: 

The Royal Institute of Technology in Stockholm, 
The Chalmers Institute of Technology in 
Gothenburg, 

The Faculty of Technology at the University of 
Lund, and 

The School of Engineering at the Linkoping 
In.^titute of Higher Education. 

In addition, there is a school of engineering at 
the University of Uppsala and engineering 
education at this university’s branch in Orebro. 
Recently, it was proposed that some form of engi- 
neering education be provided in northern Swe- 
den. possibly connected with tiic University of 
Umea. 

An engineering degree is awarded after the 
successful completion of a four-year program of 
study at one of the above schools. The degrees are 
c:ivil ingenjor, ?:figsingcnjor (mining and nietal- 
liirgy only) and Drkitekt. Up until 1%9, tl ere 
were two higher degrees: the teknisk licentiat \a- 
inen, earncci after a I urther five or six semesters of 
study, and a doctoral degree in technology. Now, 
there is to be only one doctoral degree, earned 
after a four-year period of study anci exclusively 
resea rc h -or i en ted . 

The institutions visited were as follows: 
Svenska Teknologforeningen ~ the Swedish Asso- 
c iation of Engineers and Architects; 

The Royal Institute of Technology in Stock- 
holm; 

The Swedish Society of College Engineers (Gym- 
nasium Engineers); 
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The Oflice of the Chancellor of Swedish Univer- 
sities. 

There were 9,!12r) undergraduate engineering 
students and 700 doctoral candidates in Sweden 
in I9()9‘ (compared to 8,500 and (i(i0 respectively 
in Ontario) . with a freshman intake of 2,087 stu- 
dents. In 1%8, l.-HS first degrees were awarded. 
At the present t nie, approximately 20,000 engi- 
neers are practi* uig in Sweden, anci this number 
is expected to almost double over the present 
decade. These figures are comparable to those for 
Ontario. 

The number of suident places at each institu- 
tion, and for each program, is established by 
govermiieu^ The number of places available for 
new entrants in 1970 is shown in Table J-1. En- 
rolments in engineering experienced a sLght 
decline in 1907-08, but were up again in 1969, 
when there were almost twice as many appli- 
cants as there were places (four times as many in 
technical physics and architecture) . Admission is 
handled centrally, and the individual institute or 
school has no control over the admission of its 
particular students. An av'crage of the secondary 
school record is used as the basi:^ for entrance, 
with no extra weight being given to either mathe- 
niaiics or the natural sc iences. This selection pro- 
cess is completely computerized. 

Table J-1 

Frkshman Places for Swedish Engineering 



.Schools — 197C-71 

Technical Physics 270 

Technical Physics (fourth-year entry) .^0 
Technical Physics and Electrical 

Engineering 170 

Mechanical Er'^ineering 017 

Aeronautics 45 

Electrical Engineering 495 

Civil Engineering 490 

Chemical Engineering 288 

Chemical Engineering (third-year entry) 42 
Mining 30 

Metallurgy 80 

Architecture kilO 

Surveying 70 

Engineering Economy and 

Industrial Organization 110 

Teacher training (Electrical 

Engineering) 80 

Teacher training (Mechanical 

Engineering) 60 

TOTAL 3,087 



’Hans Larsson, Development of Universities of Technology in Sweden, 
Office of the Chancellor of Swedish Universities, January 1970. 
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Stiidcnt/stafl ratios arc in order of 10-12:1. 
Professorial staff devote approximately 1 1() hours 
a year to lecturing. At one time the relationship 
with industry was \ery important, hut today it is 
less so, since more professors come from the 
acadenuc envirouinent and new faculties of tech- 
nology are developing within the universities, 
riiere are few dual posts where professors hold 
industrial appointments. Kac h professor super- 
vises an average of 4..S dot toral candidates, so that 
“produi tivity" is approximately one doctor per 
professor per year. Now there is concern that they 
may he overproducing dot torates in view of the 
mmiher of available research positions — another 
situation t'ornparahle to Ontario. 

At the Royal Institute, there are 80 separate 
institutes de\eloped along lines similar to those 
observed in (ieriuany. They arc linked together 
by the academic curriculum, hut separated for 
purposes of research and research grants. It is 
not unusual for stalf within an institute or depart- 
ment to form a ( ompany within the confines of 
the university to undertake consulting, research 
and development. Ore such operation presently 
is exploiting a new product developed in univer- 
sity laboratories. 

Technology education in Sweden, conducted 
principally in the technical gymnasia, is a four- 
year program leading to the Gymnasium Engi- 
neer. There are no examinations, but each stu- 
dent does receive a grade so that he may enter an 
engineering S( hool if he wants to. Although 0,000 
gymnasium engineers entered the labour force in 
1908, the numbers have been increasing rapidly 
siiKc then. Now, there are five gymnasium engi- 
neers entering the labour force for every graduate 
from an engineering school. As in (iermany, the 
number of gymnasium engineers in senior posi- 
tions is surprising. A survey condi cted in 1907 
indicates that over 10% of ihe gymnasium engi- 
neers held leading positions in industry, as com- 
pared to 43% for the engineering graduates 
( overed by that study. 

A Swedish educational commission, known as 
1108, was appointed in 1908 with the task >f 
developing an over-all plan for post-secondary 
education. The report is to be issued in 1970, 
and its preliminary analysis leads to the idea that 
a period of work should follow immediately upon 
the conclusion of secondary school. The whole 
structure of post-secondary education would be 
based on the principle of recurrent education. 
1108 is expected to recommend that entrance 
requirements for engineering schools be relaxed 
considerably, only those requirements deemed 
absolutely necessary being retained. In the future, 
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the concept of engineering education as a sepa- 
rate entity may disappear, to be replaced by an 
integrated university system having no formal 
boundaries between the dillercnt departments or 
faculties. Swedish industrialists have not reac ted 
favourably to such a proposal, but many do Haim 
that the exact content of education, especially 
in advanced technological subjects, is of little 
account in an age of rapid technologic al c hange. 
They are not in favour of lengthening the proc ess 
beyond four years, preferring to acquire their 
engineers early and then devote time to in-plant 
training. Thus the academic: community is faced 
with the problem of retaining a four-year pro- 
gram possessing a high degree of “age-resistance” 
to quote the term used by 1168. 

One way of attempting a solution to the prob- 
lem of age-resistance is to increase steadily the 
luunber of basic subjects such as mathematics, 
physics and fundamental engineering in the pro- 
gram. Mathematics does give methodical training 
and is age-resistant, but such an approach has 
been attacked on the grounds that the future engi- 
neer will use it less and less in his career, and the 
age-resistance is of the wrong kind. Such subjee s 
as basic physics are too well structured, train the 
engineer in wrong methods and become poten- 
tially dangerous when he encounters highly 
unstructured situations in the real world of engi- 
neering. A proposed alternative is to insist that 
after the student receives methodical training in 
depth in one area of engineering, hr should take 
part in all aspects of real engineering problems 
and so assist in their solution, while obtaining 
the beneficial experience of working as a member 
of a team within a complex organization. 

The conclusions of U68 have not been an- 
nounced. but its major aim would appear to be 
the restructuring of post-secondary studies as a 
life-long educational process. This would result 
in Swedish education shifting from an approach 
where the teacher provides the student with some 
skills and knowledge, to a plan whereby the goal 
is to give the student an intelligent and efficient 
way of teaching himself. 

GREAT BRITAIN 

Much has been written about the present tech- 
nical and engineering educational systems in 
Great Britain, and what follows is only a rough 
outline of some salient features. Secondary educa- 
tion begins at age II in a public, secondarv mod- 
ern, grammar or technical school. Students sit for 
examinations after five years and receive a Gen- 
eral Certificate of Education at the Ordinary level 
(G.C.E - O level) . Two years of further study 
normally are required for examinations at the 
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AdvaiK ed level (G.C.E. - A level) . For entrance 
into a degree prograiii, the student must pass at 
least two A-level examinations in addition to 
three or more at the O level, or have acquired 
an appropriate Ordinary National Certificate or 
Diploma '‘at a good standard”. 

In I9()3, the report of the Robbins Commission 
on Higher Ediuatioii reionimeiided a thorough 
reorgaiK/ation of British higher education. For 
many years, ( olleges of technology and commerce 
had been providing courses at the degree level 
which led to a Diploma in Technology, a London 
University external degree, or a college diploma. 
Following the Robbins Report, the Council for 
National Academic Awards (CNAA) was set up 
as an iiulependent institution to grant awards to 
students who suc( essfully complete approved 
courses in (olleges of technology and eommerce, 
and other non-university institutes which did not 
have degTee-gianting powers. 

In 1900 there were about fifty colleges in Eng- 
land and Wales with students on programs lead- 
ing to degrees in scientific and/or technological 
SI. >jects, three-quarters of them preparing stu- 
dents for the B.Sc. degree of the CNAA, and over 
half of them offering courses leading to an 
external degree from the University of London. 
A White Paper in that year (A Plan for Poi) 
te( hni( s and Other Colleges) reiominended the 
establishment of thirty major institutions of 
higher edm ation from the large number of tech- 
ni<al colieges, (olleges oi commerce and colleges 
of art. One of their principal functions is the fur- 
ther development of courses in .scientific and/or 
technological subjcc:ts at the degree level. These 
polytechnics have moved into the university sys- 
tem and are being funded by government on tlie 
advice of the University Grants Committee. At 
the present time, there art nearly 2,000 students 
at eac h polytechnic, a number expec ted to double 
by 197fi and to trelde in the early 1980s, to reach 
a total of 200,000 .students. 

Both the universities and the polytechnic s offer 
three-year programs leading to a bac:heloLs de- 
gree in engineering. (Scotland is an exc:eption, 
with its bachelor degree programs being the tradi- 
tional four years.) Al.so, there are the “sandwich” 
cour.ses — a “thin” sandwic i in which, over four 
years, students .spend alternate periods of six 
months in industry and in school, and a “thick” 
sandwicrh involving periods of a year in indust^’y 
before and after three years at university. 

The training of technologists usually starts at 
the ag^ of If) in a local or area college while the 
inch vicinal is working part-time. At the end of one 
year, the student can transfer to a City and Guilds 
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of the London Institute technic ian course, which 
recjuires a further four to six years; or at the end 
of the second year he can take an examination 
leading to a program for tlie National Certihe ale. 
There, he is joined by students witli (i.C.E.-O 
level .standings in at least four subjec ts, including 
mailiematic s and sc ieiic e, and together, they will 
begin a part-time program terminating with the 
Ordinary National Certificate (O.N.C.) after 
two years, or the Higher National Certificate 
(H.N.C.) after four years. The H.N.C. is approx- 
imately equivalent to the technology diploma in 
Ontario. 

The National Certificate .system has been in 
operation in die United Kingdom for more than 
forty years and has attractecl large numbers of 
students. Its principal drawl)ack has been the time 
fac tor — a minimum of six years and often longer. 
Con.sequently, new programs are being developed 
to shorten the time involved — the Ordinary and 
Higher National Diploma which usually are sand- 
wich c:ouises at a local or area college with a 
higher entrance standard. 

The following organizations were visited in 
Great Britain: 

Ministry of Technology, 

Institution of Electric al Engineers, 

University of London, King’s College, 
Department of Education and Science. 

City University, 

University of Sussex, Brighton — 

Institute of Manpower Studies. 

Prior to 19()7, City University was a college of 
advanc ed technology, but it became a technic al 
university in that year. It operates on the thin 
sandwic h .system admitting students in September 
and February. The program is of four years' dura- 
tion. There are 2,300 undergraduate and 200 
graduate students, with a student/staff ratio of 
approximately 10:1. Work in the humanities and 
social sciences makes up about 10% of the 
curricuinm. 

British engineers are organized professionally 
in separate institutic^ns, each concerned with a 
panic ular engineering specialty. A federal body 
was formed in 1902 which led to the establish- 
ment of the Counc il of Engineering Institutions. 
Its Charter provides for the designation of Char- 
tered Engineer, and the initials C. Eng. may be 
used by fully qualified members of the fourteen 
constituent institutions. University and CNAA 
degrees in engineering normally are ac:c:epted as 
sati.sfying the academic standards for entry into 
the profession, but practical training and expe- 
rience in a post of respon.sibility are further 
requirements. Many colleges offer courses for 

1.5.3 



noii-dt‘j»TC‘c students which le.id to the cxniiiin*i- 
tions ot a protcssional institution, and holders of 
National Certificates are no longer exempt from 
these examinations. 

I'here are approximately 200.000 engineers 
and te( hnologists in the United Kingdom, com- 
prising graduates and graduate equivalents 
(those who have satisfied the examination re- 
quirements of the professional institutions). Uni- 
\ ersity degrees awarded in engineering and tech- 
nology are now in the order of 8,000 a year, and 
the number is rising rapidly, being supplemented 
by the CNAA degrees which should attain a rate 
of 2.000 a year in the early lf)70s. A flow of tech- 
ni('ians into the labour force has been maintained 
in the order of five O.N.C./O.N.D. and Certifi- 
cate Technicians to every graduate, but the stock 
of tec hnical supporting staff (approximately 
700,000) is low in proportion to the stock of 
graduates and graduate equivalents. In the 
words of Lord Jackson: “. . . our annual output ot 
qualified technical supporting staff ... is inade- 
quate '*2 



The Industrial Training Act of lfl()4 made 
provision for the establishment of industrial 
training boards, whose responsibility it is to sec 
that amount and quality of training are adequate 
to meet needs at all levels of eiiiploynient. 
They impose a IcM y on employers and ha\ e the 
power to pay grants to those who pro\’idc or 
secure training to meet the requirements of the 
hoard. A firm that fails to provide for training 
must pay a levy but receives no grant from its 
Board. A firm which does more than its fair shai\ 
of training may rec eive more back in grants than 
it pays in levies. For example, the Engineering 
Board imposes a 2.r>% -on-payroll levy whicli 
raised £73 million in the first year. Originally, 
this Act was intended to cover non-degree train- 
ing at the technical support level, but now it is 
moving into degree-level training. It is too early 
to predict its effect on the uni\'ersitics, but it may 
have an impact on the future of the sandwich-type 
programs. 

^Lord Jackson of Burnley, Manpower for EngineerHg and Technology, 
First Ann'ial Willis Jackson Lecture, British Associrion for Commercial 
and Industrial Education. 
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Figure J-1 - SIMPLIFIED TECHNOLOGIST AND ENGINEERING 
EDUCATION SYSTEMS - SELECTED COUNTRIES- 1970 
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PUBLISHED REPORTS OF 
THE COMMITTEE OF PRESIDENTS OF 
UNIVERSITIES OF ONTARIO 

(Except Student Participation in University Government, which is out of 
print, and the Inter-University Transit System Anniversary Report, which 
is obtainable through the Libraries’ Transit System Office, York Univer- 
sity, reports are available from the University of Toronto Bookrooni) 

Post-Secondary Education in Ontario, 1962-70 

1962. $1.00 

The Structure of Post-Secondary Education in Ontario 

1963. $1.50 

The City College. 1 965. $ 1 .00 
University Television. 1 965 . $ LOO 
The Health Sciences in Ontario Universities: Recent E.xperience 
and Prospects for the Next Decade. 1 966. $ 1 .00 
From the Sixties to the Seventies: A n Appraisal of Higher 
Education in Ontario. 1 966. $2.00 
System Emerging: First Annual Review (1966-67) of the Committee 
of Presidents of Un. versities of Ontario. 1 967. $ 1 .00 
Student Participation in University Government: A study paper 
prepared for the Committee of Presidents by its Subcommittee on 
Research and Planning. 1968. (Out of print) 

Collective A utonomy: Second A nnual Review, / 967-68. 1 968. $ 1 .00 
Ontario Council of University Librarians: Inter-University 
Transit Systetn Anniversary Report, 1967-68. 1968. $1.00 
Campus and Forum: Third Annual Review, 1968-69. 1 969. $ 1 .00 
Variations on a Theme: Fourth Annual Review, 1969-70. 1970. $1.00 
Ring of Iron. 1970. $2.00 

Ontario Council on Graduate Studies: The First Three Years of 
Appraisal of Graduate Programmes. 1970. 50^ 



PUBLISHED RESEARCH STUDIES BY THE COMMITTEE OF 
PRESIDENTS OF UNIVERSITIES OF ONTARIO 
RELATED TO THE STUDY OF ENGINEERING EDJCATION 

IN ONTARIO 

( Available from the Secretariat of the Committee of 
Presidents, 230 Bloor Street West, Toronto 181) 



CPUO Report No. 70-1 



CPUO Report No. 70-2 



CPUO Report No. 70-3 



"Undergraduate Engineering Enrolment Pro- 
jections for Ontario, 1970-1980," Philip A. 
Lapp. October, 1970. 

“An Analysis of Projections of the Demand for 
Engineers in Canada and Ontario and An 
Inq liry into Substitution Between Engineers 
and Teehnologists," M. L. Skolnik and W. F. 
MeMullen. November, 1970. 

“A Method for Developing Unit Costs in Edu- 
cational Programs,” Ivor Wm. Thompson and 
Philip A. Lapp. December, 1970. 




